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- A quantitative microbiological exposure assessment model for Bacillus
cereus in pasteurized rice cakes using computational fluid dynamics

and Monte Carlo simulation(Food research international, 125, 1~12p)

- Effects of Low-Temperature Drying with Intermittent Gaseous
Chlorine Dioxide Treatment on Texture and Shelf-Life of Rice
(PROCESSES, 8(3), 1~18p)

- Developing an Accurate Heat Transfer Simulation Model of Alaska

Pollock Surimi Paste by Estimating the Thermal Diffusivities at

Various Moisture and Salt Contents (International journal of food
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st FAANAE DAY ARY. H AR ANY A AFFH T Arlze] wn

7h EAEHH ol Am RS EAE AZEetH AATAG L ARl 4w se] gl o
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7y 71ed%
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U AR
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MAE2 A BEE fsty FAET] "ol Hdx & 3 A=A

] =
2 W¥o| wo ¥4 WHE Ak,

= T A FAANYE side W vAe da AEE Fdsilen ofF A

714+ 71¥ke] 4kul & Power Dip(P.D., Power dip, JP trading Inc., Seoul, Korea) 882 &3}
7F AEE s f9oin, RS A4 39.6%, TA4 5.0%, L-AAUYEF 7.0%, 2FIx
dELE 5.0%, EHIEY 4.5%, BAT 38.9%E o] Fo1A U

SHaAE AES PA TPSHA TY ] 4S Al 457182 AFHE &
3 Uehd £ Qo gakaAe] T 7] #ol EAY S 4AL WEE 4T e
A4 el w7k glol waraAle] A7k Fol wie WRo] W YES AU Saka
Ao EHE FIshe Aol Badh

m o]l WMo pHE pH 634 pH 48 xAste x7] mlAEo] gl A9, 7] vAEC] 1-2 log
CFUlg, 3~5 log CFU/g o]’d<l Agtoll "ataAl H7E 50l we} vlastsls.



(Table 2. @4taA]l G35} 8Rle fste] Add Hiel § dda>

AP pH 6 pH 4
1 3~5 3~5
2 1~2 1~2
3 N.D.(Not detected) N.D.(Not detected)

(9): log CFU/Q)

(D pH 691 Wetzt Wt whokzt w8 PD. A EE 10%E 343 &9 137 507 A
o] pH 42 ZZA3F o] ¥S AL8319S
(2) pH 63 pH 491 o] HS 150g% eibaA] 5o wet 7] 43U
Q) EAH H¥o] Ho ZHA0 A ‘AUE FY &Y’ oA A
(4) =7 o] 1~2 log CFU/g, 3~5 log CFU/g ©]/d<?l Ad+2 ekl ¥-& 6027 Abtste]
7] 7o) Q= =AANA Bacillus cereus (B. cereus) < HZE3dF ALL3F S
G) 7] o] gle 9Eo] U Fy = 68, Fs = 12802 A Z3¥ =
1W f ety A e P T, A, gl Al N _'l'..- '\1-'-_-:-"\-'_:::-:-11;:-"“—7:5‘2 -\-'i'._-:L—'ﬂ-'.-'-"-.':-‘i-.-n'r'--.'-I 14
HD i = | | ﬂ-ﬂr‘__'_...-...-- - i
G 20 , f,f” 4 12
E__ ?E / = 1D E
¥ B0 r E
E __.l' = B ]
5 50 g
o 40 16 &
o | .Illr -
E 30 / L
0 J; 1 a
o200 [
10 1 2
0 0
0 10 20 30 40 50 60
Time (min)
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<Table 3. Y5 & HEo] Ho] nAEZ 2 H=>
48 v Y& oF 4= oY E oF
At 4.54
A = BEd & 5.470) % IR N.D.(Not detected)
2 & SAE & 2.78

(T+2]: log CFU/Q)
- A dEo] 7] nAEL 454 log CFU/ge.2 HZEo| He= ¥ njE Y& 27| mAEL HE
A %3k

- e YRR 0§ 49
AFS) MYE 209 FEst

g
ol
b

- mepA Z27] #ol Yl VES ol8&T Al 7IE A dEe ol&dte ARG 2] ¥ AE =+

e FEo| ==

- 1 A3, Az A o] SRS 4849%, 27] FRIAEE 0901095

- 4T} 25ColA 242 12, 2403 =z § o 28T 3l 2845 ot 2l Table 4.9}
o] W3tk

CTable 4. A=A 5l Ax 250 BE Hizo] Ho| #2897 (%) R FE2EE>

2 () A7 (hr) SR (%) SRYHE
12 4191 + 0.78 0.889+0.001

! 24 36.99 + 1.65 0.873+0.002

12 36.18 +£1.86 0.869+0.002

» 24 30.82 £ 1.00 0.861+0.001
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- Bacillus cereus®] HAaA FEZHEE= 0.950]H, FFolo A5 0.77 o)do] HA A& SRS
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o] wol 4k HAAE 95t AFHIEE 74 71w 4kels Power Dip(P.D.,JP
trading Inc., Seoul, Korea) (24t 39.6%, 7A4F 5.0%, L-ZAMUEF 7.0%, =FZ=IEIEE
5.0%, EHIE 4.5%, BAG 38.9%) &Nl pH7F 4.00] H=5F A 3 F W & A
Agk %, 10, 20, 30, 60, 120, 180, 300, 480, 1320 min v}t} ¥& F7A % x| utz}
ato] 4b7te]l WstE SASHAE. oF "E 7/ HlEo] 02501, yFE He| n
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o] EHO| AW EE AAS
E 2 Yo] A (Polytron PT 2100,
pH =4 ~] (Starter 3000, Ohaus Corp.,

© o] pH SH4-& Aztvitk o] HE 4vxm
of H 170(eF 1095 4ul(eF 4090l i dst= 5
Kinematica AG, Luzern, Switzerland)& 2 3}3k
Florham Park, NJ, USA)2 =439S,

Gaol ool G4 YEEIE AT G pHE o §3te £ 1L ol EAFE Fiol
2o B 58 gusts saole ¥EE ANHAS. Faolec] FATFE 4P v
PH 2h& thehie) chast go] Ausal e

[H+] = 10
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@ Heo] A7HAcidity)Z=7

Hol 47 SAHL Atnig "ol He AA R 7 o] FR O LA RS A A
st & 170(¢F 109E 9ull(eF 90g)ol st /ol ¥ EEA o] A (PolytronPT 210
0, KinematicaAG, Luzern, Switzerland® ##&3}% % 0.1N-Potassium Hydroxide solution®}
1%-Phenolphthalein solution& Al-&3le] A71E =43

5.611 < (a—b) X f
S

Acidity (mg/g) =

S= AAe AHT), a= AA) tE 0.IN oeteA Fastgsgdo AunlEml), bs
A 164(011%% el = EH(1:2) 100mDol] th3t 0.IN o eh-&A FASlZF 8o Au]|2(ml),
f= 0N dsheA Farsbzg a9 9rhg).

FAhol &S (mol/mm?), M= %7] F40lL&%E=(mol/mmd), t= A7Hs), A9t
B+ ’%—’F%. 2o 2] % Matlab R2016a (Mathworks, Natick, MA, USA) AZ E¢o] &

=]

g o] wo| FRIY 4

A

mEo] wWo] R3S AOAC HHH(AOAC, 1995, Official Methods of Analysis of AOAC
International.16th ed. Association of Official Analytical Chemists)ell WM& 7t HdzH o
2 AE 10g2 105ColA 24 hr 59 7tdatel 24819 e.



® "Eo] Ho] 27 =4

I m 1=

HEo] Ho] A7 =42 A=A 7|(TA-CT3, Brookfield Engineering Laboratories Inc.,
Middleboro, MA, USA)E AF&3}e] texture profile analysis (TPA)Z 7 =(hardeness)E =4

A7 A Ggo] W AEL Az F ALolA 1hr B BT F ol gsgon], AN @
Ho] @ A% WIF WL WvlRe] FYstel BEsH= pHol SN F AS FH
A BE AA} o] g3 L.

o]l ¥ AES A7 15mm, Fo| I0mmrt HES © W £32 WiFo gz Adsie] o
239 e =4 =S probe TA11/1000; test type, TPA; target type, % deformation;
target value, 60%; trigger load, 5g; test speed, 0.50 mm/sec& ©]&3}H o, 123 ¥HE =

=
g8+

W Ho] Ho] Mz AA}A(CR-310, Konica Minolta, Tokyo, Japan)E& ¥ WMo s BAY
& F BED), AMx@), FNED) g FEsaeH, 4 Ad¥T 3 M A=E 33 wl
5 SAst HA e ol &5 E.

3, wgo] weol B, YAE, FAE e o] §3te] WA E(whitenes)E Thed 2ol A

whiteness = L— 3b

X_—'l

HEOE AMA-AE BETRY HPEAL WY £5/1F 124 o) gol
4Ye
1

8 g nRog Agst] AAAZ B 27] VAR Aol 8 A, s
FE EW YA BRRRL BESE FAL AL,
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L 24, oFE AW 8 W7 34

Oh ol "9 Ax

- g o] Fojz Hg 2 w]EE(Nongshim Flour Mills Co., Chungnam, Korea)g w35t
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=2 SRl A A3 vRoR A2 Hio] Ho| 27] d4 &l B o] FAH
A e AdE BF

A A2 Az v Ag dEe Vs T3 9e Axsto sid AEe] 27
s Hlashs 43S AYsA S

4% AW 98] Az Pl Hel tE A7)k lemPor, AAUStE HYY 2
2 AzsYE. § Axo] ASF WU Table 8. 7 2L

Ao AZe] BulEE mEOR Az Wi FAR B2 A2 €S sl Hol 2
7 #rE AL

ge 24 F FEAe] AW A 647 o) F 2 w4E HUSAL.

<Table 8. o] B ujgt zH5>

2=
w2 &3 %%

ST
Control 750g 7.5¢g 375g
5
4.5
4
3.5

<Figure 20. v]& FT/ol W& Ho| %7 #+4>

Mg A A AFe] BulHE nEow Az wWol £ AL RS Az 9
HYh egEsl RS HAUASAL.

B A7Asts viRg 2 QHEY UREA YRS QYEF Jund goln, A4
oIt %E, 97, 2o AP ANA WAE S 1-2og CFUgSl F7H.



Q) 2125 JAE 93 AE £% He) AW}

AR R AN Ars E5 He| FHAHIIE v 2ol g

o g% Wrol W AZFYA plRY o] §F Wl ¥ AxFYe 0 Y=F

N
= =
A EINFAF)NA HFol e Alxste] Hwd A= ths Table 9.9 2.

(Table 9. GAIFAF Aade] A3 vEs o83 348 M= 29 A=

7 Z(log CFU/g) 4 n] 2(log CFU/g)
A= 4.544+0.09
A5 N.D.(Not detected)
A=A & B3 5.47+0.05 o)A+

ot
E_CIJL
%e,
of\
A

N.D.(Not detected)

= 2.78+0.08
A (Y #) 3.00+0.04 A = 2.81 + 0.05
Wz = 2.99 + 0.12
Az 3 SAF 5.24+0.05 AHA = 2.90 + 0.08
A 3 A E N.D.(Not detected)

= H g Az A dsolAFE #Fo] 454 log CFUlg HESAeH, 10C 2] 1
AN Ax T AT dAFe 7] #5F 5.24 log CFU/g o]+

HE-g o83t Hifo]l ¥ Alx A dBRAAE do] HEHA &ten, Ax &9 3=
Ao 2.99 log CFU/gel AEHAoH ol A& ol&3lde u Bt} A2 g7t HEd 270
RNem 95ColA Fys = 6= 7|Eo2 v & HF SAF] A2 HAEHA R+

N

dA50 e IS Bl A HEE o]&3l EH-F5 5 348, ARA A, A AF3BE
A& nS o S o] &3 FIBET F57I% FFE PXe FAJA 27] nAEY] TEE
YRE ue HAHAS

]| L FE H

e ol &3t wig Al AR TR wet HS AXERS wl B pHe 740
+= Figure 21. 3 2+



Rice cake
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Acid concentration(%)
<Figure 21. 4t Wi =0 W& He| Fiol2 FE9 T4l M3>

pHE 243 A3t wo] We| Wr|s ¥Er} Z7hsE 4 87 FAFEE 3 p
=95902.

A7k ZH A Hol He| vl 5ok F743) me Avkrh Foskae

rr

PH7} W3 47b7} 4% hardness7h 2st9a, A4, 84, Yol Bast
2 Hop wo| RS S HASAL

A EP.D) 84S 20, 0.25, 0.5, 1, 2, 3%°] T=E wWiEsA=.

A

S



<Table 10. AHHigt s W& Hol Heo| =43 ¥3b

TPA parameters

. ) , Springines . )
acidulant Stress Adhesiveness | Cohesivenes ) Gumminess | Chewiness
(%) (g/lcm2) (g X sec) S (@ (g x mm)
(mm)
0 520.93+ -595.28 0.72 0.95 1132.64 1071.53
73.56% +4.49° +0.012 +0.00? +89.342 +89.36"
0.95 470.13+ -491.18 0.73 0.96 1190.03 1141.39
' 76.612 +43.25° +0.012 +0.00? +98.262 +99,92¢d
05 450.76 + -650.07 0.71 0.94 909.84 856.51
' 75.152 +42.99¢ +0.022 +0.01? +92.112 +93.87%
1 431.57+ -559.18 0.72 0.95 992.97 940.02
60.43% +28.21° +0.022 +0.00? +83.992 +96.77°
5 424.81+ -680.67 0.74 0.93 1133.23 1061.68
36.922 +5.99¢ +0.022 +0.00? +96.752 +94.3%
5 352.90+ -777.94 0.71 0.93 827.89 767.70
35.46° +47.994 +0.012 +0.00? +68.46° +97.45?
90
80
70
60
S50
% 40
30
20
10
0
v Acid concentratlon(%)
0 16
14 a 3
).2 a
0 ab ab b
)4 010
1.6 '_>° B
Qg
).8 b 4
-1 2
0
1.2 0 0. 3

Acid concentration(%)

<Figure 22. A+ gt

Acid concentration(%)

5o WE wio] wol Me w3} (a): L-value, (b): a-value, (0): b-value>
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<Figure 23. 2 W3t F =0 w}E HEo] ©Wo] AE W3

{Table 11. AHigt F=ol WE HiFo] He| AE gt W3

Acid concentration(%) AE
0.25 0.57+0.14%
0.50 0.85+0.27%
1 1.394+0.29
2 1.48+0.29
3 1.92+0.31¢

A A AR E SR BE W] ¢
g UehiE b ghol s 7
NS AZ ghol
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(Table 12. M3 o) wE WEo] Wo] #A=97

AE s =
‘f ° Control 0.25 0.5 1 2 3
(%)
. 6.87 * 6.30 * 598 + 5.75 * 5.68 + 5.08 +
a 0.542 0.32% 0.45° 0.24° 0.38° 0.29%¢
o 6.90 *+ 6.67 * 6.07 + 5.86 * 5.58 * 527 *
- 0.35° 0.48° 0.55° 0.38%° 0.40°° 0.34°
o 6.15 + 6.01 + 598 + 587 + 5.62 + 5.54 +
° 0.25 0.18° 0.23° 0.36°° 0.25%° 0.48°
556 + 532 + 499 + 458 + 432 + 410 +
A7
1.02° 0.95° 0.98° 0.81%° 0.99°° 0.87°
A A 6.84 + 6.75 + 6.61 + 6.49 + 6.30 + 6.12 +
kA= 0.39° 0.19° 0.31° 0.29°° 0.13% 0.29°
NS Al AR B2V SUHE wel luks Abvelg gk o)sho] mhat gke] #HFHUL
A7 ashes AdS By oy controld ®Blw Al AMgE 2%7HA = 2 f-2u] 3k x}o) 7}
e AL gk
Ho| A7 #5HI7tE g o wE Ho| A F stress A I TLI FE
S Yo, 2l 2%7-A = controld Hlml Al 213 zol7F Qe AL 1A
o
<Table 13. 2Hl3t F=o] wWE HEo] Hol njAYE Hsh
Acid concentration(%) EMB (log CFU/g) PCA (log CFU/g) PDA (log CFU/g)
0 ND 4.06+0.11¢ 3.76+0.02¢
0.25 ND 3.56 +0.05% 3.67+0.00°
0.5 ND 3.4+0.03¢ 3.6£0.06>
ND 3.01+0.25° 3.36+0.06°
2 ND 3.19+0.08" 2.9+0.062
ND 2.62+0.322 2.87+0.152
o] Ho] Az g A g FE7F F7IEFEE v A E(IHA F(PCA), FFF(PDA)
7 A4S Fgstg o, AT WMA(EMBOA = o] HEFHHA %-k—t« A&
3215t 2.



Q) 5, 7 OE d=E 9 Ax & &HA J|EE HUE T "o A7 H vk 3
7}
- 53 dud @E 4 9o 54 2 V|55 Ao] E4

Oh 71EE Aol BAL 9% 4nE 9 Az
=4 duo hE 4% Hel 4 P 54 W o P

TG AS Bste] 4L AVER e " WA o] Fojxl ¥g 72 wE(Nongshim
Flour Mills Co., Chungnam, Korea)& o]&3le] & A %39S

STl 1A JAAF AL AW &, 9, Korea)S 650W dry grinder (HMF-32508,
Hanil Electric, Seoul, Korea)& &3l 283t E3stHor, &4 o]+ A= t-& 5719 Sieve
(1.18, 1.00, 0.60, 0.43, and 0.25mm)¢} mechanical shaker (CG-211-8, Chunggye, Seoul,
Korea)& A3t = =71 nlEeS 28398

SR B BAS] de ATl @ A4 mEe Agstel F717b lom, 3cmel %
of W3t W ¥g AxsHOm AST MTE ofeish 2.

A VRS A9, $A HHOR Astel AAHOE FEL WIIL Y] MR FYF
B2 AE A%, AYHoE Wo| 4EHA gho} ofefsh o] 2L WAL,

<Table 14. = 9o Wi A 5>

o & &g ST
A2 o® 750g 7.5g 345¢g
T3 & 750g 7.5 100g




ZA e A=A 71(TAXT plus 100C, TAXT plus, MHK Trading Co., Bucheon,

Korea)E &3 SAstom ZAd= offet 2& (SHEHH 2 =02 dA] e &

5Y)
<Table 15. ¥ & WE ¢= Ho A 7>
H T Hardness (g) Adhesiveness (g)
lem HEo] © | 1267.84+ 23.05 195.41+ 32.09
A2 vl &
3cm YEo] ¥ | 3514.48+ 155.94 830+56.84
lem YHo|l 9 1104.15+ 56.19 200.9+29.82
T3 vE
3cm HFHo] 3044.16+89.58 361.82+ 64.13
A s o] AL Minolta colorimeter(CR-400, Konica minolta Inc., NJ, US)S E3| Al F9
g SAH3 9=

7oz oY B4 Fol Uuel ME He| 44T £EedAL.

AE=[(L—L)*+(a—ay)*+ (b—b,)*

<Table 16. ¥ 5ol T} & Ho] A =>

L a b AE
A2 v & | 80.05+0.15 -1.04+0.01 12.52+0.09 -
T3 m & | 79.69%0.25 -0.88+0.01 12.19+0.09 0.51

ME 0512 AR HE FAHA AT AT + UAL.

A
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- T 9 el ARSRE ARlE s 7S ARESHE f7)4F Z1HEe] PD.9F AjEo]
A4 71HE2] Sporix(SPRX, SeodoBNI, Ansan, S. Korea)$} 714t Q4 E3 4Hr| 811
SDP(SeodoBNI, Ansan, S. Korea)E AH&3td 71383+

- ol WA T WRE MEF AFHEIAN wol AgHE AvEst selolA
SEE 98, PDE URIER AEHC] FIM AAHE AF)|L o]
WA st FUAZEATE AAsHE Andskel  AmEe 74w Aud
BRAE S HoH (A EY AFA ARATE B nuMe FUIHFES Fx)



{Table 18. n|¥= 423}

AE A9 =4 pH B+ CFU/g
Soaking of control rice cake in Power Dip and
SPRX
Power Dip soaking (1:50mins) 4.01 3.3222+0.03
SPRX soaking (2min) 4.12 3.6902+0.08
Cleaning in distilled water (60sec)
Control + Power Dip + cleaning 4.76 3.5977+0.11
Control + SPRX+ cleaning 5.53 3.7482+0.07
Cleaning in distilled water (20 seconds)
Control + Power Dip + cleaning 4.06 3.4472+0.12
Control + SPRX + cleaning 5.01 3.7193+0.10
A (1.01% Power Dip) rice in power dip and SPRX
P.D. AIX] (1min 50s) 3.21 No growth
SPRX AIA](2min) 3.36 No growth
Cleaning in distilled water (1:00min)
Power Dip 3.51 No growth
SPRX 3.56 No growth
Cleaning in distilled water (20 seconds)
Treated + Power Dip + cleaning 3.36 No growth
Treated + SPRX + cleaning 3.48 No growth

o] FAAMA 8-S T3l GA BEE HolA ] 2ulks FaATE o B S

EFB4F 1% AvErt A7kE He B9 ngEe o

°|% P.D. ¥ SPRXel HAAZ 739 vlEe] 4o &

Agdor AHEs} AE We 247 AXNE B 27 o
BaAANE Rl s,

| frelustA astae.
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® 723
D r&e =T (B A 4154

- @A ZA TS Table 19. 9 2 wjEdv| 2 WHo] § A APsYP L.

<Table 19. G)AIF21Fol A 20kg A4 71 HFo] H A= widnd

A7+ 20kg
g 100g
= 10kg

- 242 120~130C ¢ &X5oA 2~38 135t S

- 48 Figure 8.3 2ol %8 Hio] 4ETE Ehslel YN2E B3} F AW AL
13, o W) FAxE overflowd Fate] Be| 2Esh Wl ojstel F5HE A

N

A B yz =g 43 42

<Figure 28. A G2 FNA e HiFeol § A= FAHE>

- AA2E BAste] eE7b Wold WMol e ABIIE AA Adol Hvf AT A, W]
of ol gt WS WA At Auy] QolA W@y Fow AT ®ol

e g9 F3rAVE B8 5 150g¥ AFE S5kl x4 HH, 3] ¢=&
= x40l He 4 AA.



Q) ArFATFEZ AFArE Ho] AL A oA Aty % A% dEY Ax F
A
b #AA 7HE7)

- BE AR 2AYN AE HEo] Wl A AxTY Y

L
re
ﬂ
olN
A
o
ot
i)
i
N
>
8@

- Z% ABEOE, 40, 80, 1208), 4E 303, 29, 339k 2 ¢E 2AL DY
Ho] 9o Amstgom, Mans olest g

{Table 20. A& "ol ¥ wjg B>

v & a5 SHT ArE A
Control 750g 7.5g 301.7¢g Og 1059.2¢g
(%) 70.8 0.71 284 0 100%

- gAY ARS 227 =AHI(TAXT plus 100C, TAXT plus, MHK Trading Co., Bucheon,
Korea)E %3] TPA (texture profile analysis) testES ZIas}e] hardness, adhesiveness, ,
cohesiveness, gumminess, chewiness®} &2 ZA 7S A5 =

0 rlo

O



(Table 21. &=3F 2 FAAZ | & H§ A =4 A
Parameter Hardness (g) Adhesiveness Cohesiveness Gumminess Chewiness
EE TR (829
(min) X))
0.6)
20 1 800.7£137.2*  206.4+59.3% 0.87+0.02% 480.0+67.3*  319.8+104.2°
2 834.4+172.8°  172.5+52.0™°  0.89+0.03%° 527.3+80.5*  371.74112.4%®
3 865.0£153.6°  178.1+£89.2%¢  (.88+0.02"™  375.1£73.0°  436.8+183.5%
40 1 540.8+43.19" 95.5+8.0% 0.86+0.03% 388.7+134.7°  228.1+37.6%
2 580.4+57.1° 126.543.5%"  0.90+0.03%¢  447.2+102.7®  242.9+41.3%
3 580.1+124.1° 195.4+37.5° 0.9240.01¢  482.8+140.4%  243.5+62.9%
80 1 380.8+170.9°  121.0+15.8°% 0.92+0.04¢ 350.5+146.2°  216.4+135.6¢
2 386.5+60.3° 108.9+8.2% 0.9240.03¢ 372.2457.6" 177.8+53.0¢
3 354.9+87.5°  131.0£10.5> 0.97+0.06° 370.7+78.3%  222.9+87.3¢
120 1 167.6£51.60  181.7£34.0°  0.88+0.02*  212.3+32.8° 70.8+21.9°
2 158.1441.0°  133.5+46.0° 0.91+0.01% 147.2+25.3¢ 57.0+£17.6°
3 130.4+24.0° 71.6+£29.2¢ 0.92+0.02¢ 171.0+54.5¢ 85.1+45.2°
Hardness, gumminess, chewiness= F#AFAIZbo] F7HgHel wel gho]l Fod o= Zasty o

U, =3l 93 JFe 5401

L

Cohesiveness= <

=

=

Sk © o) S A~ o
FEFe AT = A

4»

OJ_Q_
BA AT -

257} kgl wet ghol foHow
(3

Zrkstg o, FAAL @

Adhesiveness= F 1AL RS0l tiste] FolF ]l WEE FAT & U=

=
B
I
o
©
Ll
S
ofo
ol
O
£
2
N
Sot
o
o
o|N
>
>
N
o
N
>

74 g Rl "X+ ggko] sk
Model HA2S =&39oH, sig WA o] Aol §oldkx Bdalr] s8] R? p-value



<Table 22. 5% AKX &4& AF(Xpol WE 227 58 Model 44>
Parameter Model R? P-value
Hardness 769.2 — 5.189X,-3.98X, 0.98 0.01
Adhesiveness 176 — 1.465X;+102.3X,+0.00858X;%+9.76 X, 0.96 0.02
1.312X.X,
Cohesiveness 0.9424 + 0.00638X,+0.02585.X, 0.91 0.01
- 0.03832X;2
Gumminess 583.2 — 3.284X,+12.2X, 0.89 0.01
Chewiness 3347 - 2.09X;+6X, 0.86 0.01

32 p-valueZ} 0.05

S| Z7 ol hardness, adhesiveness, cohesiveness, gumminess, chewiness 571 A} =% F
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(Table 23. A FolAx Fujst= HHFol

g 27 A 24 A

Adhesiveness

100
120
140
180
180
180

Gumminess

Parameter Value
Hardness 176.01+11.17
Adhesiveness 293.1558+41.25
Cohesiveness 0.9392+0.01
Gumminess 173.0876+3.93
Chewiness 64.45+4.25
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<Table 24. ThFa mFo] wWar Ho| WA WD

Shape Total surface area (cm?
Flat (Y¥He = ) 18.02 £ 0.58"
Wave (254 %) 21.39 £ 1.73%
Concave 15.26 = 1.53°
Double concave 14.34 + 1.16°
Long wave 15.56 + 1.53°
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{Table 25. T}eFsH

Feo 9= go HE

=97 23 A%

Sample Surface area in contact (cm?
Flat 14.62 £+ 1.05°
Wave 5.96 =+ 0.89°
Concave 5.81 =+ 0.75°
Double concave 5.34 + 0.92°
Long wave 3.79 + 0.64°

- image analysis® %3l Figure 32. ¢} Zo] =43 Al
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<Table 27. Power Dip 4lv|8 F% ZHd w}& pH>

3% 2.80 (£0.13)
5% 2.76 (£0.07)
% 2.74 (£0.04)

SPRX:E H-uhie] stujgolms PD, o A3 SU3 pHE AzSYS u 02%= pH 2.36 ~ 2.37
, SPRX 0.2%E 71522 Power Dip¥} 5Y3 pHE zh+= T2 Ao dioz ¥
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2 Sk
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4347

pHE 2378 EZo= A
1.57pHE A3+ =

2 Ahgo] Jhestme AWE FEe g0 wolel @tk 27)
a1, 100% P.D.= pH 2.37, 1% SPRX+ pH 1.89, 100% SDP+

<Table 29. pH 2.37 Zkoll =23}7] g Avsd 5>

Power Dip SPRX SDP
= (%) pH 5 5(%) pH 55(%) pH
100 2.37 £ 0.01 3 1.81 + 0.02 100 1.58 + 0.01
95 2.42 + 0.02 2 1.83 = 0.04 80 1.73 = 0.01
80 2.48 + 0.01 1 1.89 + 0.01 60 1.85 + 0.02
60 2.55 = 0.01 0.5 2.17 += 0.01 40 1.98 + 0.02
40 2.62 + 0.03 0.3 2.37 = 0.01 30 2.02 + 0.01
20 2.11 = 0.02
10 2.25 + 0.03
5 2.45 + 0.01
4 2.48 + 0.02
3 2.51 = 0.01
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A= B4 A3 5AFS pH B 9lolA SPRX 0.3%2] =7} 7}
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Hg B 4vRe HEE “*011 thol AFEE Axe] JEL FAGE Aol Fals)
b. A

S ongt} PE'S&, SPRX & *P%%P UHOH LH‘T‘"] pHE 957] feAe =& F 213
2 A AZre] aH S 9%t

EE AR AGEEE A8 o Ad&EErt SU1EE HAE7F 7H4Aske shear-thinni
ngo] #ZHCH wtAd A& xe] FUhet A Tt % ’SP‘?i, Aho] Hol HE3 = &%

(2) SPRX ¢} PD.& o] &3 4t A 43 & vAd=E 4

A EE vdE @49 pHE EFEE HoA st mAE 2de =0l H 234
Q)
=

ol A WAREE thFAQ v AEQ Bacillus cereas = F73¢ pH ®M(6-9 pHAA 714
Z AEST B dAFdA AMeE AR FAAEV 27 diZdd, AFSE 7o) 4hw
= *ﬂ% i AEE Hrlsiof gt

443
g A & 4 HA A E017] HMAE Hol pH 4.00] =28 =% PD.o| 2IVEEE
ol Zo] dasitt. =3k, Hol mjgdol A nErF H7bE o oF &
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b 4+ HA(ESPRX 2 P.D.)

o

- AR

ted
- 7MW A ol pHE 400 SPetEE Bad PD.O Fe new 2.
CTable 30. W7bEUh el 4v1E9) F3Fo) we pH>

AN

A1 ZE

7] pH

o
=

N N

ol7] fsl HA A oA, MiFET AN THE F=HIY AUEE A
]

ol
P
(T

750g 271 W] P.D. (%) pH
1 425 + 0.02
1.01 418 + 0.02
1.03 4.03 + 0.03
1.07 3.87 + 0.01
- IS 2F HA AR & "] pHE BAsta, AMEE T A ARl IR ARE
obat A

- BLE W B4 A L01% (769 wiwte] PD.& ASSEE ARAUL

|
(%]

15, AA &4 M9 pH #5585 A5+

<Table 31. SPRX¢} P.D.& 2 &3 H <] pH #4>

pH 10 s 20 s 30 s 60 s 90 s

Power Dip(100%) | 2.37
Power Dip(10%) 2.73 3.86 + 3.79 + 3.71 £ 3.48 + 343 =+
0.01 0.01 0.01 0.01 0.01
Power Dip (5%) 2.89 391 + 3.81 + 3.79 £ 3.52 + 347 £
0.02 0.01 0.02 0.02 0.01
SPRX (7%) 1.32 3.84 + 3.81 + 3.79 £ 3.70 £ 3.66 £
0.01 0.01 0.02 0.01 0.01
SPRX  (3%) 1.53 403 + 4.01 + 3.98 =+ 3.95 £ 3.94 +
0.03 0.02 0.02 0.01 0.03

2% g PDRET o ¥ ¥AHL Mo wel 4 FA 4F F PD.
= 1:1

aTHE FAT YA A A=
%

%)

Hol #FEHAE. olv AHEHE AR HAY zolm s T Ho=



(Table 32. Atv| 57} e Ho| vzl JA AL e mA=ES] A a3

NE | AAAN) | pH | CFU/g
Soaking in Power Dip
Control 0 6.12 4.85 + 0.15°
Power Dip (10%) 10 3.86 3.54 + 0.05°
20 3.80 3.45 + 0.02°
30 3.72 3.41 + 0.02°
60 3.48 No growth
90 343 No growth
Power Dip (5%) 10 3.91 3.69 £ 0.05%
20 3.86 3.61 + 0.05°
30 3.79 3.44 + 0.04°
60 3.52 3.15 + 0.08°
90 3.47 No growth
Soaking in SPRX
Control 0 6.12 485 + 0.15°
SPRX (7%) 10 3.84 3.62 + 0.07°
20 3.81 3.61 + 0.06°
30 3.79 3.50 + 0.04°
60 3.70 3.48 + 0.05°
90 3.66 3.45 + 0.01°
SPRX (3%) 10 4.03 3.69 + 0.07°
20 4.01 3.68 + 0.03°
30 3.98 3.62 + 0.02°
60 3.95 3.51 + 0.06°
90 3.94 3.42 + 0.03¢

A et B He
FEAIE FHA verg

AHAZ B ®e PDo 6023 AAT A5 4F A%E ND.Y ol FA olF FHA
BAOHE FAT A FEG] FAVOEE oY TS ek

=
ke (A Azt 24 dsHrlet A 243N E YF

4002 H2H JANTE =)



(h "ol 4vis HA A F4E AstE HagsHA uAE At a9AQ v s AHA
% ¥ pH &4

- BA ggol | AFS 54 IHE fAHEA 7] F5 Al S5 MR 8 FE

i

- AR A HA F Yo zALES ZAASAHZI(TAXT plus 100C, TAXT plus, MHK

=
Trading Co., Bucheon, Korea)E %

{ Table 33. A A, A & Yo ZAZ}F vla

’

hardness (g)
Hel 571 CON SDP Power Dip
lem 1712.05%65.30 1463.87+133.42 1256.08 & 159.45
3cm 5821.75%356.40 4502.73£499.23 4122.61+£427.62
- AAAY HA F o =z =4 Ay AA F hardness7t ZAadtloem Hel Fr)et
gaglel AA Ao 22z b 892 SDPY S &A=

{(Table 34. | 9] HZA| o]xd M=)

L a b
lcm 81.01+0.97 -0.81+0.01 11.38+0.09
3cm 81.47+0.08 0.86+0.04 11.82£0.50
<Table 35. A7 &0 wte AA o|F o] F7] ¥ A= 2 Az
SDP Power Dip
L a b AE L a b AE
81.69+ | -0.75 11.45 77.15 -0.79 11.15
lcm 0.69 3.87
0.78 +0.05 | *£0.25 +£0.26 | £0.03 | £0.25
81.65 0.72 11.85 80.64 0.67 12.19
3cm 0.23 0.93
+1.11 | £0.01 | +0.48 +112 | +£0.01 | £0.07
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<{Table 36. Control/Atv 5 H7}

W o] Wl W >

H 2 =1 ST A= A
Control 750g 7.5g 345¢ Og 1000g
SDP Sample 750g 7.5g 337.5g 7.5g 1000g
SPRX sample 750g 7.5¢ 336.6g 8.44¢ 1000¢g
- %7] pH 4.29] "¥o] ¥(A7% Icm, 3cm< FEE H=2A AAS 4v| s (SDP, P.D)l
Aste] %Al pH 4o B2 AZE ZHsIGor Ao ol 2y
<Figure 50. =] &AF 4 vt HFo] He] pH 4 & 48 AX>
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{Table 39. FAE&F He YAEA A A= P

= BE g 0g = 34 19 = I 3Yx 3 S WAk
v (Log(CFU/g) (Log(CFU/g) (Log(CFU/g) (Log(CFU/g)
control 3.27+0.042 3.3940.09? 3.65+0.232 3.98+0.122
0.5% 2.69+0.12° 3.0140.04° 3.23+0.13% 3.38+0.10°
1.0% 2.2940.03° 2.354+0.25°¢ 2.86+0.39° 3.00+0.24°¢
1.5% 2.04+0.30° 2.09+0.13¢ 2.58+0.32° 2.81+0.18°

- AR AEY Ae EE 5 AMA AFvbed HHlY e ol SA4E e

- RIVHAER, 3AERE Y] FeE FAEFF S e s o] faske A
]

- 1 % L0%S 1.5% FAHEF 99 AL, vAE A X9 F&Q Ao|7t gle A=

skl sl =

(th #F5H7}

- Z} control, 0.5, 1.0, 1.5%% FAHEF A "o #AFH7Ie Addusta A FAY-FsH
A 209 S gz A gk & AAZQ] VExd fis)] # 7H HA=EHS T3 #eHI)
£ 2P A =

- HFHI A BeHI FHROEA AL HWEol Ho| WeUt BHESE, VIRV S5 E =
S H4E FA3EE 19, FAH9 tto] AASSE, FA Fo] FIEFE e HFE F
A= E WHIHS

<Table 40. AT WYART Yo #5937} A3
3 5% (%) | Control 0.5 1.0 15
Al 5.91+0.94 5.64+0.92 5.81+1.08 5.82+0.98
ok 5.82+0.87 5.41+1.20 5.55+0.93 536+1.21
¥ 5.45+1.13 5.36+1.03 5.45+0.93 5.27+1.01
A A1
} 5.91+1.04 5.55+1.04 5.64+0.81 5.61+1.01
7NE=
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AFELiSA 2019

International Symposium on Agricultural, Food,
Environmental and Life Sciences in Asia, 2019
{The 16th International Joint Symposium between Korea and Japan)
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CTable 41 ®¥o] We] & - Bela a3 Qs B4z

=4 H ol §
vld (Cp) J/kg - K) 3848.08
A= (kg/m®) 1207.62
dHAxE= (kb (Wm-K 0.69
- AFEH ABHIAS B W A2 Py AN FARAOH, olo] Wk 7R
THAAES 7Eo R YRS S dv s AT
DE GRUYTER International Journal of Food Engineering. 2019; 20180055
Hyeon W. Park'? / Myeong C. Lee'* [ Jae W. Park? / Won B. Yoon'
Developing an Accurate Heat Transfer
Simulation Model of Alaska Pollock Surimi
Paste by Estimating the Thermal Diffusivities
at Various Moisture and Salt Contents
' Food Science and Biotechnology, Kangwon National University, Kangwondaehak-gil 1, Chuncheon Gangwon-do zoo-701,
Korea (the Republic of), E-mail: hwparkog7s@gmail.com, mgleeszo@gmail com, wbyoon@kangwon.ackr
2 Oregon State University, OSU Seafood Research and Education Center, 2001 Marine Dr. #253 Astoria, USA, E-mail:
hwparkog78@gmail.com, mgleesso@gmail.com, jae park@orstedu
- B d7dAdE " stEAo AAE.
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- Yol Wo| A e} vEAdT BFEA T Aves B ARt wE HEo] g Fd W
315 glstar, AR 9} TtEAH FAHS AT 7|1F0| = Bacillus cereus (B cereus)d-2)
dEA B3] A48 F v HA E U AAEE AMNSt F2fHEE 9% "Eo
H TA AZE AASIA S

O AT HEo] H(400g)e 2d =1 A

- o] Wo] tekg oA Ayt Al TFEAAAIHE) S AL F A FAA e thgd W
A e 7R = B cereus ¥ B5C AN Dyt Dpas 73R SH, pH 6.0& 7|F02 A

- HEo] W FU3A EASY 100C 2 121CAAM Y Fuint Fuas AARSE A3, 100°C o A
o] Fine 2.966min, Fue 32.624minolw, 121C oA Q] £, 0.055min, £ 0.66mingd S
SRS =

<Figure 57. 4+t &&o & Ao A Ha AAAD
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- 100C oA 3k Heo] A 121C % Hlwst S Wl J49 Wsrh 2oy, txzadd ¥
st EALd F4e YEH S

- 95C oA H4 F-valuez 243 Ffols &4 dxzddt 7B fAskd, 7HE Alte] &
71k wel Evd =T ST E

- HhH 95C oAM= FHA, Ho F-valuedl A 2.813} 5.62% control¥} 7} A
o, 71 Alzbel WE Wio] o] WA Wy} g AL AFHoR FAY & AL

- O|E FSlo] yEHol o] A A F FHES EIAE LT AHFEE TR 112
(121C) A& m&of &2 3olsygL.

- BHoE o]&3tE 100C Y A9 dAHFgAl A3 B cereus #& EFALE A Al
Ayt AZES] Bt wheh e WEvl e ded o 5 S

- oldme}, & AFA AF2EE BT E 7= 39 Fez s xS Hrlek i+

<Figure 58. 4+t 250 W& BlFd = Q1A Wsh
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Z7] #  ¥3ke] &l & A AH} %] B. cereus®] #TE MLt
_]

A5E Bte] Fvalued ALE Ad A% AA F 99 plrl gage) wek mE

A £
A 5o A F-valueZlb #4astH, 53] pH 4.0 olstolA A ZAHUS.

>

A o)lF F A A A E A @2 5ol Hlske] pH 4.0 olstellA 95T 7
9 HA 54.7min, H o 135min, 100C2] A% HA 35.1min, W 63.2min, 121 CAA = Zc]é:
25.5min, H W 34.7minl. 2 ZAAZL F A< FAFHS

Y

- pHS} ZAaA g0 WE F-valued] =2 Table 42.9F 2.

<Table 42. pHoll @ 742 2|42 RE] F-valuee] 37>

pH 2 %(T) i Lax Fonin Fax
950 63.40 175.00 7.68 84.48

C?gg)"l 100°C 38.50 73.80 2.96 32.63
121°C 26.90 37.10 0.06 0.66

95¢C 62.80 172.10 7.46 82.10

5.5 100C 38.30 72.80 2.88 31.71
121C 26.80 36.90 0.06 0.64

950 62.00 167.90 7.14 78.58

5.0 100°C 38.00 71.60 2.76 30.35
121C 26.70 36.70 0.06 0.61

95¢C 61.00 163.20 6.79 74.63

45 100C 37.60 70.28 2.62 28.82
121C 26.20 36.40 0.05 0.58

95 54.70 135.00 4.71 51.82

4.0 100°C 35.10 63.16 1.82 20.01
121C 25.50 34.70 0.04 0.41

95 54.70 135.00 471 51.82

3.5 100°C 35.10 63.16 1.82 20.01
121C 25.50 34.70 0.04 0.41
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Jst= TPA SA4F= 2 %

- mERA e HE FEE S A
AAZ Fau Add o dAsteE dadEs A4 =
- ZHS 7]E TPAY A2 %27 =A7|(TAXT plus 100C, Stable Micro Systems
= [e]

= .

LTD., Godalming, UK)E A}-83}%

S Z2HA|(Loctite, Dusseldorf, Germany)Z

A

- H ARY & Ee ZULHOE AxT IS
A% &, 0.5 mm FH7]2] Zd(Model PMGA-EVO2, NT Incorporated, Osaka, Japan)< ©]
= 23S SAE S

T 2-ita = T

g3tol Avalg e W By

Cutting blade
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=
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<Figure 61. A& 7|&S 53
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<Figure 62. A H|~EZ2°| Force-time 341>

force-time FHOZRE BANE F He| JEE 4% WANAREY A 5 =T 2
o= F3gh

Modified-hardness(@= ¢=F GANA Z=E3st= HU stsS v (A% hardness(@) =
A A 3h

=49 ABrig Hyo] AEHE AMEste 9o Hd FARBEE SHSI L, 1 #%
7o 2 A FA F SHStress)o] AAH.

ftlo

shear force

Stress =
contact area

9o =AR BAE B & Force-time ZA S ZHE, 0YFE 79710 A=} ¢zt
S =EE3R S
kA, 2 Ao S o] 83t AR HS Ny Ao o 2AEE AdE S =A

wetA AEe SV "ol kel dFS vA, mpstA R gl SHgte]l A% 7|3t
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b 2

- 2d. 4@ AP pH 4 S| A TR sz AZFET §AF A

4ov

3

A
o

U

- 2 FE(P.DI FHAE pH 40 =3 B2 95C 9 24X A Fos=63} Fos=125 w3}
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O A+ A3 =27
- Aol TREH YHEo] Y2 237 oA BIsForm, o]l A ZAHZ(TAXT plus
100C, TA.XT plus, MHK Trading Co., Bucheon, Korea)E 3] %2 7H& =H3 A&
<Table 46. A+ o]% ZZA 7} Hla>
Hardness(g)
At A A 5
_ F-6 F-12
lem o] 1267.84+97 .54¢ 1410.29+32.75¢ 1595.66+172.28¢
3cm EEo] 9 3514.48+105.84a 3604.00+297.60a 3790.36£423.75a
e 1845.42+262 .51b 2335.28+360.08b 2278.12+250.67b
- AdAR A AFE 2 FoFQl Aole flas FASE S
@ A A3 A=
At A3 A 3 "o A xS Minolta colorimeter (CR-400, Konica minolta Inc., NJ, U.S)
E 53 A5t vnE JPsu
<Table 47. G| A+ o]Hd ME>
L a b
lem 80.05+0.15a -1.04+0.01c 12.52+0.09b
3cm 78.14+0.16b -0.32+0.02a 13.80+£0.07a
e 80.05+0.31a -0.59+0.03b 12.43+0.1c
(Table 48. Ho] FFol W& 4 o|F A= g Az
F-6 F-12
L a b AE L a b AE
77.84 -0.32 13.30 76.42 -0.57 12.89
lem 3.38 3.69
+0.16b | £0.02c | £0.34b +0.22c | =0.01c | £0.21b
76.50 -0.48 14.21 77.12 -0.61 14.87
3cm 1.68 1.51
+0.33c | £0.01b | =0.18a +0.10b | =0.04b | £0.51a
82.27 -0.97 12.19 81.55 -1.12 11.04
w3 w 2.27 2.11
+0.35a | =0.03a | £0.09c +0.37a | £0.00a | £0.28c
AdZA3 pH4 § A Al W A3t 9 FAzo Z7t2 sty AA7)F A=A
ol gty oz ML zlolo] AFEE TFIh= SET FS AU EE AYPTS AF F 4
olye] AEZtO] EEFHAS.
wefA] Abd o] F o] AT A A "ol HlE] FEE FYvIgE Aolvt gles A5 S
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BsA e 42 B717+% 9ol § /el i dWe 133 & I A B, C, DA
ek A 725 thete] 74 HA=Hoz Y=

4% we| xg F AR fFo) U /1TSS dohny] SAste] FAH AW Ho] S
olgstel xYSHAS. ATHA %3 2P YEFHL C 2 ARAYOH, AT 1Y}
of Zeld ¢E W D’ B AYFHAL

s asEe W A BB 467 + 115 H, B A4S
00 02 2742 WETANA FrelulF Aol 7t A Bk

HE 5Y% FFoE zEYds AT, CAEFS 47 £ 1143, D ME2 486 £ 106"
2 2744 AETNA Folu@ Aolrh Al gk

zi] o]d ¢S FYPF pH 4.0 Ho] A$ rla=rt /g @A debg AT, dAxHes
e AP Y3} APsA @ W 9 2@ o]F AF F¥o] B JEEE FAUF I
ol A @ oz Hol AF f¥ol BASle] AMA VEES WEIHE AL el
AL

NEE

<Figure 64. =9 & HF 7|Z= H7F A3
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(th A+ & HFe] H pH &<l

- EA: A ST gEo] Yol pH 45 FA =R &<l
- &3 pHE A+ & AF dAdAME FAIst=A &1str] Y3l IAE F3le pH4ol =&
gt Y-S Ads g & AEY pHE SAHSA =
{Table 49. 4+ % pH WsP>
pH
A A A 3
- F-6 F-12
lcm 9 Fo] o 4.02+0.01 4.18+0.08 4.24+0.11
3cm H o] 9 4.11+0.04 4.08+0.13 4.31+0.12
Yoy 3.97+0.11 4.06+0.06 4.10+0.24
- AgAds A4 3 99 pHeE Fovlgh Aol7t S A=
- ol= HAEL S FAS 2H3Y FE57|S AdFo] 7S ov| g
4) 9] pHel W& A+ = W3} &<l
- 5Z: go] A A pHIF A o] F #F5o vA = dFS E<l
- ZEE Y| pHell 2 ddg 59 zo|Z Q) Av=rF 28 A
- pHE F20]2F5E Uy ol AEEHAZ dd= IS & F+ U2
- mEgkA He] pH Wt wEl YR 259 W3l F3) FvaluegE =F3t pHZF |9 4+

- A 95T A AAITAOH, Fs=63 Fos=125 T3l At Al
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Time (min)
<Figure 67. 8 ¢] pHol ®& F-value>
<Table 50. H2] pHoll w& A A|7k>
F-value (min)
pH 3.5 pH 4.0 pH 5.0
F=6 34.5 37.0 37.0
F=12 43.5 48.0 48.5

APAI pH3S5 HEo] Hol & HAITEHY FF A= 58 WEA =E¢S &3t
o

A A .

S} % Wl pHE 4 ol3h2 3w Wol Av|7h Lhs BAZE WA,

AEHOR We| Wra RAE FEATE W ol pHY o gelA el pHS} AR
£ RoHe Aot Yo HARAL.
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<Table 51. 7} X7 2]
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- 5, 1.5kg & ZAA S 75 Fos=6, Fgs=129] 3= A7) 98] Atstoiof st AZbES @
A & Qa1 kg 2ZA ) vlE)] oF 168 A7 455 = A4S & F A
- Iz 524 (Figure 6902 2™ 1kg(A) ¢F 1.5kge #FAS HEFAES HoFa gJow

lkgB)= 1kg(A)e} 1.5kgR T & dHEE HAE

- O]E HIWO R Fe=6, Fys=128 A4 A Table 52.59} 2on 15kg& o] 1kg(A)e} A
lkgBES 2 AS & F Us

- ol

b

A B4e A AGALE =HH

o
i
4
b
2
o
i
+
¥
oo
o
f
£

o

(6) THFF v sA He| Frh FASH) AL FF A

22 ¥4 9% 2 99 /18 Feste] Fum6d WEFE A Bprd 8

o F7]7h hepdk Al Bol mE WA B4 M

690 71E WMol W A FAo FAs ] pH 42 %Fo] & A%, 27 25 oA
g 53 F571%e dgol Jleirt bs .

- AW "ol P FrlE IAR U Zlo] ofUn e FR/E EASH, #7 @
ulge SAe e A 54 T GE Ao A%

o @71 59 el 4
37kA¢] e Atv 2]

1A ZFZF 1cm, 1.5cm, 3cm
o

s =
E2l SDPE o] &3t HA A

716ke] SPRX, 3)r7]4ka}

- oluf, 42tw R FEE P.D(3, 7%), SPRX(3, 7%), SDP(4.61%)= st a3t

- TR 2719 gBo] We Fx fAo AAF AT Azre] Wste] 42 pHe Wshe of
2

- 3%, 7% Power Dip: 2.481+0.06, 2.407%0.01
- 3%, 7% SPRX : 1.52£0.02, 1.31£0.01

- 4%, 6% SDP : 2.48710.02, 2.4110.2
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<Figure 70. H2| 7] B A &Ho
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(Table 53. Mo %5 2 %4 Dafo] me A 47 A7b>

kg =RA (&9: &)

F-6 F-12

lem H¥o] o 62+0.5 70+1.0
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3cm Hio| ¢ 56+1.0 71+0.5
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Oh 2 54 24
22 05ColA A

- 95TCAA At
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B7te S vw

ﬂllrll rﬁ

AT A AF T

Trading Co., Bucheon,

o

i

Korea)

37t %)

]_
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37}

e R AdANT ==

r o
off

St HlwE AP S
<Table 54. ©¢] &7 2 AH %o W& AHF o]|F =27 H3l>
Hardness(g)
2t A A 5
- F-6 F-12
lem HEo] H 1267.84+97.54 1410.29+32.75° 1595.66+172.28°
3cm HHo] ¥ 3514.48+105.84° 3604.00+297.607 3790.36+423.75%
e 1845.42+262.51° 2335.28+360.08° 2278.12+250.67°
Yo 7] 9 Ao wel F=6, F=12 &+ 3 AT A4+ A 22703 FoFl zoj=
EA51A &=
A A AF T go] AMAE Minolta colorimeter (CR-400, Konica minolta Inc., NJ, U.S)
£ 53 A5t vanE MYy
<Table 55. W 9o] 4+ o]Ad A =>
L a b
1lcm 80.05+0.15 -1.04+0.01 12.52+0.09
3cm 78.14+0.16 -0.32+0.02 13.80+0.07
e 80.05+0.31 -0.59+0.03 12.43+0.1
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<Table 56. o] FfFol W& At o|F Mx g x>

F-6 F-12

L a b AE L a b AE
77.84 -0.32 13.30 76.42 -0.57 12.89

lem , 3.38 .| 369
+0.16° | £0.02* | £0.34 +0.22° | £0.01* | =0.21
76.50 -0.48 14.21 77.12 -0.61 14.87

3cm . . 1,68 . 1.51
+0.33 +0.01 +0.18° +0.10 +0.04* | £0.512
82.27 -0.97 12.19 81.55 -1.12 11.04

o 2.27 2.1
+0.35* | £0.03° | £0.09° +0.37* | £0.00° | +0.28°

- A3 A3 nE AT A o]F A= A o] Mo HlF)] HEo AstZE AT A
A7k BARY O ARt 5ol R fvIF Aol gty HHF
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1:24_
EfHU

- ks d ANEEe AYedel UE ANHIIEE TH A ASHUL,

(Table 58. Q1A T A AtLH ZTAA ZFF L FAD

A UL E 80
B HdE 90
C U E+SHILLD 75
D <8l 80-85

_Il}lv

U=
F3ko] tensile testE3
mm/s, post-speed 10.00

Ao =227 =4 7]1Z7I(TAXT plus 100, Stable Micro Systems, UK, Godalming) &
B

mm/s, target distance 50.00 mm=z 733} 2-
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FTHE EF 4YH] 1 cm, Zo] 44c mZ 3¥ o dol=

<Figure 74. =32 AT 2 H

filo
f
r
o=
e
A
)
A4

Tensile testE& T3l AHE FEo] IdEFH & fracture forceE FHHsIRom, A-DY
A" Azrel] met 7 AE o 13REA JPgsAs w HY FEAEEE FE)o] 3
H+ Hu E(Probability of breakage at sealing time)2 Hl w33 &

oE

w3, 54 A" ARG, 7, 102)l A E2ZA A~Dol 1 He] Jtal e o) 54 Aol
A AR EERY B 2 " HJA &2 o9 FEAA dIEs FE(maximum

probability of breakage at specific displacement)E H] u 3}

(I—

oo

ATAa7:

A ZAAIGLE 80), B TAANUILE 90), C TAAMLE+SELLD 75), D AR (SH
80-85)2] A7 A|7Hsealing time)dll we} A7} 93 =771 B3 3<l fracture foce (N)
= O3 25

z7] 3o 712 7P dojus AlFS A 243 A =R FA wet 2
o7t A B AT e 7] S AIHEE S<EEE ARWMAE S35 vk S

A A ] A 72 APBE SRS W 7P =2 fracture force Q1 70.46NS YERJOH, F
AE VN T AF FEAEGED] dy=s AE2 2024 HoaE G52 10.38%0.= 7}
A 733 A ES YeERe.
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<Figure 75. A &A1 2] AA =] wE fracture force M3}

<(Table 59. A ZAA <] A& A7to] WZ fracture force 9F AT RE(AH BHE)oA 2o
g3 5= gED

obabilty of
. . 4 probability o
seing tme (9 AEUETOAN T Gy Tedls | breskage

point

1 41.77 + 13.54° 15.78 7.56+0.81° 100

3 56.01 + 5.02° 8.96 9.68+0.68" 92.31

5 72.20 = 11.27° 15.61 13.62+0.78° 69.23

7 70.46 + 7.27° 10.32 14.36 £0.56° 15.38

10 59.06 + 6.53 11.06 11.55+61° 38.46
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Forece (g)

0 2 4 6 8 10 1z 14 16 18 20

Time (s)
——Sealing 15 ——Sealing 3s Sealing 5s Sealing 7s — Sealing 8s ——Sealing 95 —— Sealing 10s

<Figure 76. B &2 ¢1& =0 wE fracture force ¥3}>

<Table 60. B =#A12e] 28 Al7lo] w}E fracture force & Ago] FJa)5= FE>

S
. . 4 probability o
seaing tme (9 AT G Tedmy | proskage

point

1 47.69 + 21.83° 45.77 6.79+0.43° 100

3 58.42 + 15.12% 25.87 8.94+0.67° 92.31

5 66.51 + 12.33%" 18.54 11.42+0.56° 84.62

7 74.96 + 11.67% 15.31 16.03+0.38° 61.54

8 76.20 = 10.92° 14.57 14.13+0.59% 46.15

9 78.08 £+ 15.16% 19.42 14.29+0.63% 23.08

10 63.18 + 15.22% 24.09 10.15+0.81° 61.54
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<Figure 77. C &A1 2] A= w& fracture force Hs}>

<Table 61. C ZAAe] A& A7to]| w2 fracture force ¢ Ago] FIHE= &

BBy of
o . probability o
Sealing time © - SCRE Gevaton Variatontmets),Jrcakage

point

1 36.88 + 5.00° 13.56 4.78+0.21° 100

3 59.68 £ 9.04* 15.14 9.26+0.36" 76.92

5 63.93 =+ 11.37° 17.79 11.49+0.63° 46.15

7 64.42 + 7.30° 11.34 12.00£0.47° 30.77

10 60.30 + 8.63 14.31 9.36+0.59° 46.15
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Force [g)

0 .1"."' e

0 2 4 6 8 10 12 14 16 18 20
Time (s)
——Sealing 1s -Sealing 3s Sealing 5s Sealing7s ——Sealing 10s

<Figure 78. D Z&A 2] A& = w& fracture force W3}

<Table 62. D ZAA <] A& Alzto] w2 fracture force & AHo] 5= 35>

obabily of

o 4 probability o

Sealing time © - SCRE Gevaton Varatontmets),Jrcakage
point

1 47.28 + 9.89° 20.91 7.52+0.31° 100

3 71.93 + 7.79 10.83 14.47+0.48° 69.23

5 83.10 + 9.39% 11.30 16.01+0.51% 53.85

7 89.05 + 5.33° 5.98 16.19+0.42° 15.38

10 84.87 + 7.14° 8.41 16.21+0.36° 38.46

- A~D ZHA] T B EHAANE ALty EF 7x AH PSS w 7PE =L fracture forceE
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(@ PaaA Gl BE TPA R BE BT W)
- BARAE 150g Bl BLFEA 150cc8-S Fo] BaraA BolHA @R ZAA
Aawpel HEE ARG

AbAl 1A7F S013F 150g wge] gl o A R-e tha we 20.9% oI9S

—
=
1

Ll

|
e

<Table 63. 150g @& HFo] | WHF I71%H

A ZF A2 < F9(mL) T %@ Wi F7]%Hco)
245 150 95
A#HE 0
W Ho] w 250 155 95
(1509) ] 220 155 65
AAA g X
230 150 80

<Table 64. 150g o] & WF-o] JE Abnwd >

A E 4 24 AZHD | RE AT %) | CO, BAT %)
) 14.9 0.0
14.7 0.0
3.6 0.0
4
3.8 0.0
2o o A O 6 0.5 0.0
It *
(150g) 0.7 0.0
0.3 0.0
8
0.4 0.0
0.2 0.0
24
0.0 0.0
- SRaAE TG A7 A AN ool EAA e RE AaF] BE AANE
e AAsge.
- 9ls e BAA F3) HAS Fikel 4 A HEF A EPA e Havt BE
AA Hel 5714 BgEe Bt ASE 5 e HARYS
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=
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®) =¥l Ho| vyE 43 wd A
- AP EE olgstel BaA P He| 2717

o mA= S
Al o2 pH 62 "3 v RE o]&ste] pHE Xl pH 4

|
=
T
Ll
B
R
Ql

Al &2 H3t PDol 1% 5023 HAste] He| pHE pH 4= =43 9
o =

bR

rlo o o

3¥3t TSB (Tryptlc soy broth) HH X] of] A H%ku

- #< 3 log CFU[ge.Z 3|4 & AR E Tl + pelletE Ax%

- 7 pelletoll 0.1mL¢] 0.1% peptone waterZ 4jo] o HEAS A%

- FEAS 9 ol HFsta dxrt @ wizbA gl B AT ol & overnight @7
B st 75 Hio] Hol| F2A]

(b Growth model 23
- TS JES 9E 25C o AiHlolHolA BAStHA AMER #4454
- A% 2do ALgH A g5 e

Nmax .
1+a"l'mur_l‘|.3-,-,|.mﬂx[;_;_| ift =4
N, = N, U

N, ift < 2

N; : contamination level at time t,
Ny : the initial contamination level
Nmax : maximum contamination level at the stationary phase
tmax : the maximum specific growth rate (1/h)
A : the lag time (h)

- B. cereuse] Aol thgh pHel 259 IS o= 2

4 B3] FATYS

flo

o(T) = (T~ Tmax) (T—=Tmin)®
(Tﬂpz_Tntut)[(Tn;:rt‘_TmL:tj(T_Taprj_[Tﬂpt_Tmﬂxj(Tepr‘l'Tm_ln_ZTj]

(pH=-pHmin! (pH-pHmax)
(pH=pHmin) (PH-pHmax)~ (PH-PHopt)

p(pH) =
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Ffﬂﬂl‘ =

Hmar = pHmiﬂ < j'.'}H < PHmaxl' #.;.F,:P(PHji

min

T = T:':Hl:r!-' D

T > T 0

pH = PHmm- ﬂ

pH = pHpygy, 0

<T< Tmnx' Juoch(Tj

tmax - the maximum specific growth rate when T and pH are set to their optimal

values

(th Monte Carlo simulation

- o] B. cereus®] RAPS flste] AgH

66 o AzstA=

Ad zke reference S o] 83K om Table

<Table 66. ®W£o] Ho] Bacillus cereus 3= AlE#H o)A 317 st A g L& o
ol g% >
. ) Sources/n
Inputs Implementations Units ote
Initial condition
Initial concentration level of B.
cereus (for both 25 and 35C
. . , Normal(3.87, 0.38) log CFU/g Measured
incubation) for acid treated
sample
Initial concentration level of B.
Normal(5.08, 0.50) Measured
cereus (for both 25 and 35C log CFU/g
incubation) for untreated sample
Initial pH of acid treated rice
i p Pert(3.91.4.0, 4.06) Measured
cake
Initial pH of untreated rice cake Pert(5.98,6.0,6.03) Measured
Growth of B cereus
PHinin Normal(3.91, 0.03) Measured
H N 1(6.72, 0.21) Carlin et
PHopt ormagb. re, L. al., 2013
Normal (35, 0.35)
T T Measured
Normal (25, 0.25)
Carlin et
Trnin Normal(7.7, 0.3) T
al.,, 2013
Carlin et
Togt Normal(38.7, 0.6) T
al.,, 2013
Carlin et
Tinax Normal (47.9, 0.5) T
al.,, 2013
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<Figure 79. A A fF-o & Higo] Ho] Ao & mAE 29 A=>

[35]

Ln

3
[r-]

nicFU e
nlCFU/g

5 m 25C -
5 mode
; 5
3 3
0 12 24 36 48 60 72 B4 96 108 0 12 24 36 AR &0 73 B4
Time (h) Time (h)

- A A 9} 5= B. cereus 9F Fo FAAAE YEUE AL IUSH =

<Table 67. Two-phase logistic modelel]l &Jaled A4t wio] weo] 2xg] 59 A &5 @2
Bacillus cereus®] u max(specific growth rate) and A (lag time)>

Treatment Temperatur 4 max b R’
conditions e () (CFU/g/h) L
Adid treated 25 0.0049£0.003 12 0.9988
35 0.0105+0.001 9 0.9968
Untreated 25 0.0592+0.002 7 0.9841
35 0.1384+0.091 4 0.9956
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food Research International 125 (2019) 108562

Contents lists available at ScienceDirect

Food Research International

journal homepage: www.elseviar.com/locate/foodres

A quantitative microbiological exposure assessment model for Bacillus cereus = )

Chgh et

in pasteurized rice cakes using computational fluid dynamics and Monte e |
Carlo simulation

Hyeon Woo Park, Won Byong Yoon '

Department of Food Sclence and Blotechnology, College of Agriculiural and Life Sclence, Kengwon Nattonal University, Chuncheon, Gangwon 24341, South Korea

_ 9ol ATE = ‘wWRo| wo wAlE AF md AW o Ule Ao ARE Ei)
‘Alnhibitory effect of acid treatment on the growth of Bacillus cereus in cooked rice
cake.” 02 ST E 233
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2. 371421 Bacillus cereus o Ao thgk E4baAe] o 82l
—EkA =

-PD 10%°1 AAAA pH 45 Uehis "ol 92 150 BFoz §7] mgsgon @
WaA f7ol whe 07 Ex 1S ASSHAS.

T 549 7=’ oA g EZEGR-240, TOMY SEIKO Co., Ltd,

Japan) 7171€ o] &3l Fp=62] ZA-$ 60+, Fe=129] A9 683t 4avt& X133t 5.
o]l gEd AlES AR 2 2H6CTE AAR & Aol B (LMI-2004R  Black,
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<Table 68. @4taxA] o] 7o WE A= ¥ rd=s o>
F-value oA 5 A e log CFU/g

5 0~571 ¢ N.D.(Not detected)
671< N.D.(Not detected)
° 0~5711 €4 N.D.(Not detected)

8 671 411 log CFU/g
5 0~571 €4 N.D.(Not detected)
" 6714 N.D.(Not detected)
" 0~571 ¢ N.D.(Not detected)
671< N.D.(Not detected)

- Fis=6 H3Fo]l 9 AEoA EiaAE AHESHA &ske A5 6/1e AEEZFH 411 log

CFU/ge] wd =] AEHJoy 22 E VIR Fes=6 &2 3¢ v A4e &

= =~ [e)
AT T gld=.

- Fyp=12 A 55 A&3 AESdAe GitdA fF579F #AA glo] mAEe] AEHA &t
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Ad A4
A8 A5 AR 20 FelA QikE Hio] Ho| FRA F) FhA BE 2
TS B35 olFdtE A, T FFAA e FTE HEM) o3 o)FE FAH 1
2l e oA 3 A Z2 AFoeE {FEHE JH U &5 E A |st
g A% ¢= 9 /13 wdaaL
BELEe} ) gEjdE meo® s AU LE B g fF0] U oje A
O 2 s sEOANOLE JEoE Algstgon, AAS WES o 2.
<Table 69. 7t& 2 7}& A& A =4>
AY 2= A% 717
Tl 37 - 34 g+ 30°C 25
U FF - 39 F7t 50°C 3
A F7 - Y AN, AF 40°C 6T+
40000
35000
30000 -
= 25000 4
E 20000 -
T
8 15000
10000 -
5000 A
0‘ — — oee — rres . —
4 4 4 4 p 4 pi
= by < 2 < il <
il ] il il 7] il P
Week 1 Week 5 Week 7 Week 11
FRSE-Y T FUY - e gy MY B - M E
CFigure 83. A4S o] &3 FEAZ WE 7lE3 x99 Aol =27 mxE F3k>
- A hE zAsA A 712 B¢ AR Wshe ohsh 2L Bad st #
Aol AMZo AxE FoFA R ZUHES. o, B2raA 7 HA7E A & control A1 E
o] &AtAAZE H7tE AMEA vldA BEVE B 543 78RS

&2

=
& control @%—9} 2e A% 717&01 dAARE A} fAHo2 AL,
[e]
4

YHEAE AR BB AS 3FH o FEREE
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AAHEN Ay FA 59 AMaFAo AHFA FgFS m Rt It o ® FAL ¥
A= A Aol a1 AR 257F asith o, A3AE dAAsty 258 =<
O AP IRJAET) oFal| X oz, meta] APFERJEA 247 HA &3
HA o AYzAL IAANE E+= do Bas 71 2 38 73 AYERAE, TZAAE 94
A BEAE o "7l & 27, ARIRE J& JheAdo] Mg e 2o adE
<Table 71. AHIZJENA ZAA7} &4 FE>
Sample Sealing Force (g) Displacement Breakage time Maximum
time (s) (mm) (s) probability
breakage at
sealing time(%)
Silglyl‘fég 2 4803.78 + 663.33% 1837 + 3.29°  9.18 & 1.65% 28.57
22 5226.04 + 7.7.68" 20.08 + 3.45*°  12.56 + 1.75° 14.24
2.5 4631.75 + 729.71% 15.44 + 4.02% 772 + 2.01° 42.85
3 4744.64 + 564.62% 16.02 + 2.05° 8.01 + 1.02° 64.28
3.5 4579.85 + 848.61° 16.47 + 3.46° 823 + 1.73 78.57
S{‘?yla(;g 2 3723.08 + 397.08° 988 + 2.58° 494 + 1.89° 85.71
2.5 4416.09 + 317.67° 14.14 + 3.13®  7.07 + 2.06® 71.42
3 5188.73 + 404.25° 14.03 + 2.68°  7.02 + 1.34° 50.00
3.5 5260.51 + 316.99° 18.19 + 4.78"  9.09 + 2.39° 28.57
4 4803.78 + 163.32% 17.37 + 328  9.19 + 1.65° 35.71
Nﬁ“ggygup 2 2938.11 + 153.95¢ 938 +£ 224 469 + 1.41° 92.85
2.5 3553.81 + 149.25° 6.82 + 1.61° 341 + 091¢ 85.71
3 4508.06 + 169.78° 10.88 + 3.13° 544 + 1.15% 57.14
3.5 484925 + 199.18° 1422 + 247° 7.1 £ 1.24° 35.71
4 4765.03 + 189.77° 11.07 £ 2.01° 554 + 1.16® 42.85
d
Nolngggyg“p 2 3603.06 + 246.78° 1146 + 2420 713 * 107 71.42
2.5 4096.40 + 118.73¢ 841 + 259 420 + 1.29¢ 64.28
3 4226.72 + 157.82° 10.61 = 2.05° 531 + 1.03° 50.00
3.5 4742.69 + 132.22° 1457 + 1.84° 728 + 0.92° 35.71
4 5593.14 + 193.54° 16.54 £ 229° 903 + 1.24° 21.42
4.5 4697.22 + 114.31° 943 + 223° 472 £+ 1.12¢ 28.57
2loF 1.0Kg3} 15Kg EAANS] A9 247F 22%9) 35x7F HZ | 48 Aoz A AL
o] AT =AL Fas AU 3, /1 21 WY, P 7 T A L AYIIE oA
o] gt ZHEo] HAYS HAFIUT
EF 1.0, 15Kg =AY HA A" A2 747 35%, 4022 SRIHAS.
2 A4 HuudE G52 AA FHAA Y FEgEo] ofd SHAR MY S 71 A gE
= ZEE, sealing pointol] o3 HAA =S Aohivlastr] HsiA A&
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(10) 7124 2 JAFExF AF o] AR 4y F4 549 Blads

B oA A7 FES 98] ATL AN A4S £AA ] AYEF So| adlow A
3 P

AP

ZAAE 145, 147pge] ATFATHE wiEto.
£ ARSI 2 ERA ) 150g9] o
AP AHGE e A7t
B oolge] zACE W Aelshe] %

!
%
o
(i,
D
a0
f
o

A1 Sl 80~85% k] DEAA

t
o T

H

N

X
o

o
o
o
o

< Ag3lo] pH 4002 2dHU9oH Fys = 6

Az &2 QAipulolE(Model LMI-1002R, thd+ s8] Co., LTD, ZA7DIA 7H& =3<d

NAETE A0 HTY] S5te] BAEAY HIHHTE TR Ao} 4bke AnE Ml

F4 A= M=o} rAE(CFUpe 54T

P g2kaA 5ol s Alx W}

QY2 D AF 0F7), JZFEF A 7H Asol BA2AS FIAY s e na
T sl meolMe] A% W Y

- Addak
<Table 72. ZAA e} EakiA)] 5o WE M= H3b
eakaA Hot eakaA T
L a b AFE L a b AFE
Z7) 75.08 =+ -091 = 1263 =+ 75.08 = -091 = 1263 =+
0.06a 0.01a 0.01a 0.06a 0.01a 0.01a
ZF 7388 + -0.72 £+ 14.08 =+ 1.89 7298 + -085 £ 1468 =+ 294
0.10b 0.02b 0.02b 0.01b 0.02b 0.01b
3}7) 7272 £+ -067 £ 1415 £ 3.22 7210 + -062 £ 14.03 =+ 3.30
0.03c 0.03c 0.01c 0.04c 0.01c 0.01c
EAETF 7144 =+ -063 £ 1530 £ 4.68 7119 =+ -0.67 £ 1423 =+ 4.78
0.01d 0.02d 0.04d 0.08d 0.01d 0.01d
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Nil
1.81 = 0.08
2.61 £ 0.10
2.81 £ 0.13

Nil
1.57 = 0.49
2.58 £ 0.27
5.72 £ 0.44
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(2 FAse] LED 2AE 58 w9 g &7

M7 wE HEHe ¥R LEDZAE 58 muaw

- LED #X+= 9719 LED JFd& REo HE&FIsty n/ALFFHA (KPS305DF, ShenzF
Wanptek Electronic Technology Co., LTD, Shenzhen, China)E ©]&3le] 1.5 A9l 2| &2 <l
AFE TFstH o™ LEDo 93 2% oS WAshy] Hsted] Wdaie HX 319

- LED #A=x9] 3 mHx g FH Ato]o Agd W& Weo] A7) light dependent resistor

photocell (Luna Optoelectronics, Camarillo, CA, USA)E o]&3le] Heo] FAloA lux T =
xR

/ Cooling fan

Photocell

Rice cake sample

<Figure 88. 4= W< 9%k LED ZAF A

- LED #=xol H3zt5 9709 LED =& wid(array) ¥ Fd3 AMZo] Agd wet A=
o] Al Al7)9F FES Zemax OpticStudio 16.5 AZE ¢ oj(Zemax LLC, Kirkland, WA,
USA)E o] &3t A E# o)A 84S, LED Hige thea Zo] A= HAsgS
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(A) Centered (B) Cross (C) Evenly spaced

<Figure 89. LED #x]2] wjd =1

- ®Ro] wWojxe] LED Ao AANE IAZHol TS W fuEAA AE 7
Bacillus cereus group= 7|02 &RIst7] flsle], HEo] We Ax & 2 %= O}

oA Wzt & HozRE EISIAF(B cereus groupe EEle= AF FH(IA A
2011-20%) % Kim JY, Yoo HL, Lee YD, Park JH (2011) Detection of Bacillus cereus group
from raw rice and characteristics of biofilm formation. Korean JFood & Nutr 24(4): 657 —

6635 FFxstA =)

e

HRo] He 37/0E 7FZ 45mm, AlE 50 mm, ¥o] 15mmr} HEE wjdste] Zgjod
EFT F 90 CTollA 408 ¢ EAHHE T3t Adade. AdS 4EF ¢
o B g fFFS 7S W 259 4CE WAe=

i
fo K

37te § AZe LED AE ®Wol B cereus group AL H ME 27 #47) 10°
7 3L

ol
HEs PEsa 08 5% AZAAL. o F He| A
J

BN

—

ED A7} © oA B cereus groupd Tl vAE 9&s 2lslr] skl LED9}
w ®W Abolo] A7} 22, 32, 42 mmyt HEE = HO~24h)el w2
WE d AES FAs9e

2 ¢
>,
r\l

d
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a7 27
(1) "ol o] Ax Al ClO, Aol o3 &3} &<
- AW WHE 50 ppm °]stE FAEH] 9

ro

stel CIO, W78 HEHOE AFAAS

(5]
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) w
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[
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@
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=
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13
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Drying time (min)

<Figure 91. A= A7t & ClO,9] &%=(ppm) H3P>

- AuAzst (0, A% F Ho| ¥o| FEPFE et L

{Table 74. 1z ol W& HiFo] He| &3 H3P

Ascorbic acid
Control A= 5-ClO, ClO, A=z AAA =

B3 (%) | 48.17 + 0.43* | 42.81 + 1.45° 46.14 + 0.86* | 43.31 + 0.69°

- o} EX S A €L controlE 71FoZ &7 AAAI F71E 10C < Qo) e Y
Prg] AN A 24NZF B AAAZF HRo] Weo FEITFL 4817 %ol A 42.81%=
A5 =

ﬂ\l

- Clo, A%E 3 AL controls} Blm Al ¢F 5%°] FE3reko] 7hA%E AL gelstgion,
ascorbic acidell =] & ClO, AZ3 AL controld Blw A §u|3 x}to)7} = AL
ISR =

- 162 —



<Table 75. A=z W] W& HHo] Ho| nAE 2 JAHTD>
AgT log CFU/g
Control(d = A) 6.78 + 0.16°
Az 841 + 0.07°
Ascorbic aid HA & ClO, A= 5.79 + 0.23¢
ClO, A% 6.40+ 0.03¢

- AAdz A AHE HE 2443 52t 10T o AFHlolH WelA XA HAZRsA S o
2 o) oake] 6.08 log CFU/gell A 8.41 log CFU/g 2 29® AL FlatdS
- ClO, Ax A YEo] "ol nAlE o AEV) S7ISHA] &= AHE RIS
- o]& BTl "Eo] Wo| A FAHAA WAz TEHO=E (O, WAAIIH &
Z 9ohetol 93k Yol Wol mAE 2¥9S A 2 AT F AE AE IRIGIAS
- mebA Higo] weo] Hdx Al 1dHR1 ClO, &5 3 Al 221 2492 WAE T 757
Sk AXel i Ygoz ESEYUES d¥eH fEUd A4 BRES AY FY
210
205
200
@ 195
=
o
= 150
185
180
175
control{ HE Hy  Comrol|HE Z) Acid-ci02 HEE I =
<Figure 92. AZx W] w2 HEo] ¥o| redness s>
- ClO, Azl &3t wio] & o] oA HFA Wslsls Ae FRIEF oy AAA=
S HXo] wo] HArel Fou|gk 2ot YEIYA] 2 AS SRIsIA S
- Ascorbic acidell FA|g & ClO, AZE X33k A2 HEo] © :xHol| Q= ascorbic acid
o 9Jsle] Ak3lEl= Ao] WAFHO ClO, AxH ABRT HAMEI} thh Fe 7S 391519

= .
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AdRdz A A 98 6A7 T AAR=2@3 T, 45% ) e w FF Ia
ol o)ate] 4.09 log CFU/g °o] SHHAES

ClO, Az Al HFo] B mAs o oA B Hvtshs 238 sl

ol Balo] Wxo| weo| Az HPHo (I0,F AN/ BF Hahdol o o
®ol WMol MIPE 0P oA B FAY £ Ut AL FARAS

EF C0, o FE 2L Faol MR g Y58 28 T 5 UE AL HAAL

uEbA] wEo] Weol Ax Al ZFEAHQI ClO, BF-5 & A 22 L9S PAT & & ¥
ok ofyel W] mAES TAAIZ F JSS I o, olgf e YgowE EFE
=3
<Table 76. AZ ¥Ho WE Hifo] Wl mAlE 2LFAED
AdT log CFU/g
Control(zdz #) 6.11 + 0.05°
Ascorbic aid A & ClO, A= 5.90 + 0.04"
ClO, A= 5.78+ 0.09°

(2 39F| LEDE 45 H¥ol ¥ ¥d 2Ae] 9% 9T
€

venly spaced HiellA 71 #L43 FEE B

(A) Centered (B) Cross (C) Evenly spaced

<Figure 93. LED ] gol] W& X E#olAd Al Bl A
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{Table 77. LED Hl¥ 2 Azl w}Z Petri factor ¥H3>

9] (mm)
H <
22 32 42
Centered 0.44 0.61 0.72
Cross 0.65 0.72 0.79
Evenly spaced 0.73 091 0.93

- Y3} AglE 32 2 42 mmY S Petri factorz} 0.9 o]0 ® Eo FAEES JER)QY
o

- wiZo] "ol LED A P& ZARE 745 24 A & o U 27 #F0l vlete] Aste
H, LEDE ZAHA] &2 tgizTdA= 27 #5971 S71ske] 1. 21 log CFU/ge] =}ol &
BAs

20
-#-LED )
15 L
—i—Contral AT ‘T--..‘_“_
10 v : ™ T A s
G . 1
e Time Ch)
<Figure 94. 460 nm A A33¢] LED %A} Al B Cereus group®] 7+4 HI &>
LED ZA} Al 343 A& Ayt F71845 Petri factore E7Fshy 2t @371 wol

Ae AAE YEAE

uwlg}A] Petri factor7b 0.9 ©]4S 7+=3h= evenly spaced W€ 2] 32mm A7} He| &
2713 A4S 93k LED &x| 9 t]zele] 2este oS
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<Figure 95. Changes in force (g) during the cutting test of retrograded rice cake
after various drying times.>

- Azx7 AYPFHH FETA wsto] 93k hardnesse] S7t

- Ax T = EE Hassta e e EF%] st =3AHEE SAS
S9EYE T omA BAS Sot A EE ddew AT
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b Sampleimage Object extraction Binaryimage

Hﬂﬂ

Full size rice cake

Control (0 hour drying)

Treated (6 hour dried)

"'ﬂﬂ

Treated (12 hour dried)

Treated (18 hour dried)

Treated (24 hour dried)

<Figure 96. A& 434 < o 2 da (@) AL Azl e (box) (b)

g g AF Fo G

<Table 78. AxH o] FAF2A 4 }>

Test Level Measured Object Compressed Area
Object Area Object Area (mm)
(Pixel) (mm)
Rice cake before 537260 + 33125 4591 £ 283 *  0.00
cutting test :
Control (0 h) 372219 + 22356 31.79 £ 191 © 1412 + 1.25 °
Treated (6 h) 385265 + 23527 3296 +2.01 © 1295 + 1.19 °
Treated (12 h) 468200 + 26687 39.99 + 228 " 5.89 + 0.89 °
Treated (18 h) 505773 + 24697 4321 £ 211 * 271 £ 0.54 ¢
Treated (24 h) 524969 + 18376 4485 + 1.57 * 1.06 £ 1.12 ¢
Means with different superscript letters on the same column are significantly different at p
< 0.05.
- A=A 18A1ZE 2443 | A1 9] hardnesse 24AH gk xfol7b glom s 2447
& HH ARAZOE BAY.
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£ 22-25ppml & FA|5H7] st 45%9] o]4ks)

C NS AEAT % =
S 1587 FA7E e 1184 Ax3AE FA% Fig 96)
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@ Clo2 7141Y &8 &4
- A AxFH F A=Hol F5T oSt A VA ¥ A=A Fehe AWMU F-
ojxzlda 71AY FEE HX=47] (Yantai Stark Instrument Co., Ltd., Shandong, China)
2 FAsto A4Hg (Fig. 97A&B
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® Azd €| Ao} Al

- AEAR 274 A oasds Az 5% FEe WAz fojuld asl B

- WA B 29 2uAMBENA A 820 HAHAE 2ot WA Holr}
A

CTable 79. (2) D2A) W Axwsl b) Az A7te] G2 BeaAe] FEEGD

a. Color of ClO.-treated rice cake at different drying periods

Condition L A B WI

Control a80.31 + 1.16 O—é)l.%l + C13.99 + 020 75.83 £ 1.02 °

6 h 68.21 £ 0.38 —0.58 + 1484 + 0.06 64.91 + 0.45°
b 0.02 ¢ b

12 h ?5.76 + 0.39 0—6)34? + b14.89 + 0.12 62.66 + 0.33 ¢

18 h 64.55 + 0.24 —0.43 + 1496 + 0.13 61.52 = 0.23 ¢
d 0.03 ° b

24 h 93.84 + 0.22 O—(%Zél + }5.02 + 0.11 60.84 + 0.22 ©

b. Sensory evaluation scores of gelatinized rice cake

Condition Color Flavor Hardness Overal!ll

acceptability

Control 69 = 02°*% 67 +£03% 65 *+01° 63+ 06"

6 h 63 +02° 66 +03* 61=+x01" 62=*07°

12 h 57 + 04° 59 +04%® 59 +02° 45+ 05°

18 h 56+ 06° 53 +03° 51 +032% 41+ 07°

24 h 41 +05°¢ 37 +02° 53+02?% 26+ 08¢

Means with different superscript letters on the same column are significantly different at p < 0.05.

- o] 235 HR O R o|iE A AdHo AxE AESHY AR VT Fo mAEF A
4= 4° ColA 219 3+ H7Hg
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- X% o] W& d IFFAS s, Yol X Ay 2o Egs] f7 A Al
Zt g F-valueE =331k 319+

- 2% FEle &2 150gS Ve ® AASE A, A= ] A HAH S AP A o]
&3t ™ A< 3(155mm * 196mm, 28 AE)S ARSI 150g 7€ o® Hel e oF
13~157f A ol ™, w9 ujX] ?ﬂEﬂ-‘C— o 2ok

<Figure 1.

- @Bl wet "ol gk &

E=E3tAF 3H S

- gulA o F Al o| A W o)
=
<Figure 2. H¥o] B (Jr)

Yol Ho| () B3, (34
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- Wel BYS FUEAS Fi 4 e olgsdom, 4 v mg Py ¥ 33
e A

<Figure 3. H¥o] Ho FHEZ, (T4 25, (P) 729 E30) & AlEdolde

Table 1. Y¥o] wWo] dHtx 9 Eg|ga Az

Property ol 9

A= (kg/m?) 1207.62
dHAEE (k) (W/m-K) 0.69

Hd (Cp) J/kg -+ K 3848.08

- 2 A% gFe] Wol AAAE Fol we £ 44 57 debgon], B3 FUY 0 I
Aol 7bg Witor, B3 57l Bold s AY 57t LA S

© FAdA Fder Ueston, U3 ARE Aol HUugts FAel wet $4

2
b geEe S+ ANS

- A e 20~30min Ato] RE ®Ro] Wo| ¥ extx T2EAT, B ¥4S 40min o4

T
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wiol ¥S FAstA EAS 100T &t 121C AN Fpp® Fuas AlAMSE A3, 100C of A
o FunZ 2.966min, Fue 32.624mino) ™, 121C AN A9 Fpe 0.055min, Fuue 0.600mine S
Sl =

ol 95T olAe &
oANA FHstaA & W 4 oA ol Bagk Azto] ZasiH
o7 wngetA 7] wiol] Ae Fote] A3 A A EFE0 P%% 4“1“

<Table 2. 27 =0] th2 D-value$}t F-valued Hthzka A4z

Temperature () Drnin Drnax Finin Finax

121 0.005 0.050 0.055 0.600

100 0.247 2.719 2.966 32.624

95 0.640 7.040 7.680 84.480
HEol Hol A Al 9jF9 do] MEE Foted Aol HER YA (cold point)o] A SHA
9
et F-values Aldtsts 7122 o] Wilo] Hojof sin, W& AEdHIAde F3t
4AY T olg A4S Faa AFAAL

BE koA do] FUEA HPo] Ho] FA H
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- olo] w} =R HEo] Ho| 7]EtEH FAHA L 255 95C, 100C, 121ColA 7tE4+
st Bk SAsA 121CE 7Eo = 7 935349 Fy-values A+

o5 #3llA = come-up-times &gk 7}E A+ Al ZHthermal processing time)e] E=Z°] I8
stH, oo ME H4, Ho) F-valuedl 3j@ste 7t ATAIES Sl A=

ol Fote] 400ge2 =AHE HEol B WM 4 2 AT 95TAA

4 63.4min, Ho] 174.9min, 100C oA FH 24 38.5min, A 73.8min, 121C oA FH2A 26.6min,
A 36.6minY-L 25y

(Table 3. A+ &=° W& Hoj| AHAIZE HA AFAIZD

Temperature (C) Lonin Imax
121 26.6 36.6
100 38.5 73.8
95 63.4 174.9

b W] Wo| exo] h2 HF F F4 W e
AAAE 7] A 2RE HEol o] 95T, 100C, 121CoAe A &% wWE £,
Fopp® 23 235 139

18

)z A#FstA] &e "o Ay v sty wl, 121C oA A#3F ¥ 26.6mine &<
dA e A= EFsta "o THE = BHAA 4o AES L vt EFYS &

4 veh g

100C ol A AFd weo] F$- 12109 mustge Wole Fae Waph Hou, hzxe v
stel BEYE 4L UEIAS

9T FH& F-valuez 23 Ffdde 4o = 7 FAsY, 7FE Alztol 5
7hetel et Edd =7t -

olgg o W= &9 oF 70~80%E °lFi U AEANA 2571 S71ETE old=EL
29} Aol Agtel 719 A Q] melting transitiono] sl WEo 2 AR Xie F, Yu L,
Su B, Liu P, Wang J, Liu H, Chen L. 2009. Rheological properties of starches with different
amylose/amylopectin ratios. J. Cereal Sci. 49: 371-377), ©]2]¢} melting®. 2 <lsle] 342
sl A7t 5o HHets A2 FHHE
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<Figure 8. At %o M2 F-valued] Hu, Higkol o2 Hio] He my Wb

Hol] o] 7tgdAH & WHskshe wel Alg 7F UElUE 849 ZolE A4S gkl vl
U2 =AH3 A, x4 A9 A5 7Ho HlFdEE 2755 el oH, 121C oA+
N7 o) HFYETt Fu® Fup o 11659 11.930.2 o9 HSS ed 4 glglon,
ol 121TC oA 71E A7t 47%] o] §o] Aol A WS ong

A 2% 100ColA= FH4A, Ho F-valueol A 6.91 2 9.649] k& YelUI o, A A
Ztol 7 gl w2t F7tske S YE S

HhH 95T A= HA, Ho F-valuedl A 2.813 5622 control® 7F& AR X5 UEHY
of, 71E At wE "Fo] B FF WU} wlf S AFHOE AT F AU+
o]F Tole] YHo] wol A A o FAHAE AdAE TLI AAEE WSS E 12

{o

(121C) A2 Jafof & &Ustoi+

ExAAor o]&3t= 100C Y ASodx EAFAo . cereus = EFAICE A Al
o+ A F7tel whEl 4] Wl Ehd F S ¢ F A

>
ol
<
Sy
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(Table 4. A+ &% WE H|FYE AA W3

NUP
Temperature(C)
ij]] FIHZX
Control 2.75%+0.96%
95 2.81+0.82% 5.62+0.83P
100 6.91+1.13° 9.64+1.63°
121 11.65+1.03¢ 11.93+0.461

- A we x7] W@
CFU/go 2, 4tuls Ao

Yo pHE 5002 319 wWHEH F59 FoAdd zke]7t @A oM, pH 5.094 = 3.80
log CFU/g, pH 4594+ 3.24 log CFU/g, pH 35 o|3lolA= ZAZEFo] HA &o} 2z 2|7}

HHol o] 3 B. cereusd Ao &7} oS & F AU

[

Qb met
2 o

15 8t murs AR A3, myg,©l pHel wheh A A 12004 Ao 7.367h4 24
L__o:

glstglon, g A F A 5o & MEE F-value(Fia) 2l 7Al4ke] 7F

o
1=
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{Table 5. pHoll W& FA8] & Bacillus cereus & 74 A 5>

Before sterilization (log

pH CFU/g) Mlacid Mifinay
Control (6.0) 4.64+0.08" - 12.00 (mperma)

5.5 4.30+0.43%® 0.34 11.66

5.0 3.80+0.14™ 0.84 11.16

4.5 3.24+0.09° 1.40 10.60

4.0 ND 4.64 7.36

3.5 ND 4.64 7.36
BAaATE Tl Fvalueg Al4bs 23 4vls JA] & "o pHYF 24T g2 2
At 250 A F-valueZb 7H4:stH, 53] pH 4.0 olstollA A ZaH%s
TG "ol ol 95T, 100T, 121°CollA o] At Aztel] g dHFEFAE o] &ste] Al
A AN 7HE AIRbe ALtk =

AR o] % F AT A AHAE SHA| @2 ol Hlske pH 4.0 olstelA 95T 7
9 HA 54.7min, F o 135min, 100Ce] A% HA 351min, H W 63.2min, 121 CAA= HA
255min, A 34.7minl. 2 7FAAZ F 9

A 2EVF YeaE ARATE F ATARE e ¥ 2 IS vAY, ol A A
A7t 7tEdd TR MbE GEAA T EE&S STHANVIAL 7HE ARt mE He| ¥
4 HEE daAA F4 HEE H23E 5 Aee UEd
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<Table 6. pHoll w2 7+ AFRRE F-valued] 34>

pH Finin Finax Lin lnax

95 7.68 84.48 63.40 175.00

C?gg)d 100C 2.96 32.63 38.50 73.80
121C 0.06 0.66 26.90 37.10

950 7.46 82.10 62.80 172.10

5.5 100C 2.88 31.71 38.30 72.80
121C 0.06 0.64 26.80 36.90

95:C 7.14 78.58 62.00 167.90

5.0 100C 2.76 30.35 38.00 71.60
121C 0.06 0.61 26.70 36.70

950 6.79 74.63 61.00 163.20

45 100C 2.6 28.82 37.60 70.28
121C 0.05 0.58 26.20 36.40

95¢C 4.71 51.82 54.70 135.00

4.0 100C 1.82 20.01 35.10 63.16
121C 0.04 0.41 25.50 34.70

95 471 51.82 54.70 135.00

3.5 100C 1.82 20.01 35.10 63.16
121C 0.04 0.41 25.50 34.70

(2h) AFA S AGAF BHFANAY Wpo] W F W
S oF WA WMEE BRUsky] skl AL 1A

3]
stlom, A4 ol YA A T I W= BEHA U=

- go] HA-7tEAA EtFAe o3 4 WHe BEHe tixdodA 4 WHer b A

A A 2% 9BTAA TS
- 1 o+ 121TC2F 100TCe] A% olu] Exg ol 23k 4l A Wyl AFFgonzw =
3o m A= TS B 7ME &% 95CoA pH %

A8 pHY} 7he A A g4 W
AL @ g P AL A<

- 2k o]l pHE W3l = =
A A A 3 pHl 9% 4 W3y eSS

- He] pH 4575529 ®HdAMs ZE A ARtoA F WHIrt #AFHANoH, HddEs
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<Table 7. pHell @& 4+t & HIFY= A ®sP
NUP
pH —
Before sterilization Frin Frrax
Control(6.0) 2.75+1.23% 2.81+1.26° 5.62+1.76%

5.5 2.49+0.93? 3.16+1.68%° 6.90+1.32%

5.0 2.73+0.26° 4.73+0.63%d 6.10+0.32c¢

4.5 2.65+1.03? 4.33+1.592¢ 5.41+1.64

4.0 2.83+1.722 3.98 +1.36% 4.59 40,362

3.5 3.01+1.32%® 8.43+1.42¢f 9.29+1.53"
g A 4R s A Al FA4RsE B3 d4HstE Ve =9 Az g
3 o] pH7F FZo IS Fo] H Yo HEo] £EHOE AU Ao E FAHEHE
2 71E =9} AIZE pHell WE o] AE &5 5 Qs
7tg A 2% 121, 100C, 95TColA A7t mE He AR 8252 430 nmolA Y &
FEZ ZAT A, 121Ce] A9 825 27|FH Aol Y ARTA 95T} Blwste] of
3] §EEE HAFH o w2 85 £55 YRS
121 Col A= ¢F 30minoll A H¥ o EEstF o, HE Ao FFE= Ho 1.71°1%=
100C 9 A%, 121Col vl Fe 8% £52 Yl oy, oF 60mindlA §&5S B

golor, 3y Al FHE= H 1.0001A=
BTe &5 £57F Uy o= o 2™, 100min®l °128 H¥ FF= 0.689] =3t
o

ol F3lo 71E A 2% 9 AZto] ¥ YR HEES S5 HELS A
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- 99| pHE 4 WelA AR5ty 2dste 2 s 3= st 2 pH 3590 ¥-&
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e
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- o] pHE WS WA FAsn 2Fss o
02302 719 4o Hl £E257F ALS Folsly S

- 2y pH 35¢1 H2 95CAA Aol mel dE §E5= 60min T+ Al 11602
A E A G vME AdS FHEIA S wel vlwste 201% 1A S

- ols} o] Ftd £ESh kA AIZL pHYF ABe] §F SR JFL Fi o HRo| T
o] Fz7} pHel oj3te] Wawy] WEOR, o] ojste] h5EAH Aol AT A A
wol gZol 9B WA G HF L5 D Azl W §2E7 FEE AL BAY
& AN
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of Al B WISl NUPE SAste &&=9 NUPY AHAHAE ==
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<Table 8. 4AHHA|-A+ 34 & pHell ©& =27+ Wb
q Hardness =~ Gumminess Chewiness Springiness Cohesivenes Adhessslvene
P @ (@ (mJ) (mm) s .
Before 3,152.00+37 2,261.18+36 129.00+£20. 5.84%+0.3 0.74+=0.0 19.86%+3.9
sterilization ~ 8.82? 3.68? 08? 32b 3abe 72
Control 2,840.50+28 2,048.00+20 125.83+14. 6.26%+0.2 0.72+0.0 15.14%+3.6
(6.0) Fm 1.44% 6.23° 19° 8 gbed 0abed
o 3,018.75+40 2,207.00+=29 129.66+18. 5.99+0.1 0.73x0.0 9.11+1.97
max 4.652 0.092 072 62P 1b¢ ¢
Before 3,164.50+32 2,250.42+34 128.30+15. 5.89+0.6 0.74+0.0 19.24+3.5
sterilization ~ 0.26% 2.742 682 2ab abe 78
- . 2,864.50£27 2,075.61+25 1240943, 6.24£0.5 07200 12.36+37
' ””” 4.00° 9.40° 00° 7 2bed gece
£ 2,542.50+35 2,103.00+24 130.65*15. 5.82+0.4 0.72+0.0 8.43+7.90
max 1.24%¢ 3.642 622 7% 1P e
Before 3,160.00+35 1,625.33+19 129.67+20. 5.61%+0.2 0.75+0.0 18.80*+3.7
sterilization ~ 0.272 2.56"¢ 582 32b abe 6?
2,753.62+20 2,097.08+31 126.24+30. 6.24+0.6 0.72+0.0 11.86+4.2
>0 Em 6.25% 5.922 00° 0° 1bed (pede
- 2,350.26+34 2,053.00+20 133.92+12. 597+0.1 073+0.0 810+173
e 3.50™ 9.52° 42° 8* 20 ¢
Before 3,167.50+33 2,222.00+30 128.64+21. 594+08 0.75+0.0 17.03+3.8
sterilization ~ 7.26% 8.542 832 gab 3abe 420
- " 2,703.33£52 2,059.00+36 123.18+14. 6.19+0.8 0.75£0.0 12.60:£4.2
) mn 0.80%° 4.342 428 82 2ab bede
P 2,670.00£29 19915017 134.13+7.0 6.16+0.4 0.72+0.0 10.33+2.4
o 8.16" 2.57% 7 6 20 2%
Before 3,165.00+46 2,217.00+32 117.32+17. 5.49%+0.2 0.72+0.0 15.37%2.9
sterilization ~ 4.84% 9.642 6820 2b 2cd 4abcd
2,961.25+16 2,194.25+11 128.58+7.6 598+0.3 0.74+00 1147+4.0
4.0 me 3.423b 3.682 62 1ab 1abc 8bcde
r 2,850.75+25 2,235.35+32 122.63+10. 5.75+04 0.71+0.0 7.60+1.72
max 6.20% 9.70? 042 1% 24 e
Before  2,821.00+25 2,274.40+23 135.00+12. 6.11+0.2 0.77+0.0 16.65+3.7
sterilization ~ 5.30% 9,342 952 82 28 gabe
2,147.50+30 1,662.20+27 6.04+0.2 0.73+0.0 15.70*+4.6
3.5 Fm/ﬂ 3 05bc 9 98b 9§78i 19.1 7ab 1bc 7abcd
. ) ) 8
1,885.00+88. 1,291.80+11 5.94+0.1 0.66+0.0 11.20%3.2
Frnax 13¢ 5 63¢ 35.32i 7.38 geb 1e gede
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<Table 9. AHIA|-2+t

o

A & HE Wz

Whiteness Before sterilization Frum Frax

Control (6.0) 45.62+0.342 46.16+0.63? 46.74+0.342

5.5 54.61+0.36" 54.70+0.29" 54.83+0.14°

5.0 55.6440.28¢ 55.8240.36¢ 55.84+0.23¢

4.5 56.03+0.29¢ 56.254+0.534 56.19+0.424

4.0 57.95+0.31¢ 57.96+0.23¢ 57.75+0.31°

3.5 59.22+0.22f 59.13+0.20° 60.02+0.56
o] pHE 243 & 95CAAN Foit Fan A g5ho] A3 geo| AFHIE 35k,
ol x4 vl
hxao 2 Fo Bs HAF AFels Hlwelr] 93ty WERTE Fun Fuas 283
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b pH 4.03 455 x4 2ol7t fle A4S Uehy

32

o
1=

°olF Fole "ol "ol 4k A Al pH 4.0 ool Es As=e &A7F glow, pH 3.5%
Zh= 53—}7:-]’3]' 94& Fdo] vl AHE S & & AAS
4719 A3}Z Balo] 95TColA pH 4.0 o438 abfo] wito] wWo| ¢kyA @ FAo 714
A 2095 gl on, ol mE A A A x| A 9 A AF A W
S Ut A S
(Table 10. AHA|-2H 34 & HFo] Ho| HsHA A3
pH Taste Flavor Texture Appearance Color accc()e\g)zglilhty

Signﬁ:{fgs) 58408  58+11°  59+07°  66+05°  45+£10%  64+0.7°

Fnin 57+0.8°  56+11*  58+1.1°  64+05"  44+11® 63+0.7%
» Fnax 53+0.8"  56+0.8°  56+0.7% 59+0.6" 42+12°  64+1.0°

Frin 55+1.1®  58+0.8° 59+0.7% 6.0+1.2" 47+1.0% 6.0+1.1%
» Fnax 58+0.80  5.6+0.7°  52+0.8 53+0.8"% 48+0.9%% 61407

Fin 50407  56+11*  50+1.2%¢ 48+0.9°%® 55+09"% 55+71.2
0 Fnax 56+0.8° 56407 444109 43+1.0% 50£0.7%% 52409

Frin 47+12"  45+11°  53+13*™ 58+1.6" 56+14% 58+0.4%"
" Frax 5.2+0.8%°  43+15°  50%£1.6 55+0.7 50+£1.5% 53+0.5%

Foin 45+1.8  49+18® 53+14™ 56+17" 59+14% 55+0.5"
+ Frnax 49+1.0%  52+0.7°  47+16™ 57+19% 514150 55+718™

Foin 1.1+0.3¢ 1.640.5 35+1.1% 4.1+20° 6.2+09"  23+1.2¢
3'5 Frnax 1.5+0.7¢ 1.940.9° 2.9+0.9° 29+1.77  57+1.0%  15+0.5°
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A quantitative microbiological exposure assessment model for Bacillus cereus in
pasteurized rice cakes wusing computational fluid dynamics and Monte Carlo
simulation(Food research international, 125, 1~12p)

Effects of Low-Temperature Drying with Intermittent Gaseous Chlorine Dioxide

Treatment on Texture and Shelf-Life of Rice (PROCESSES, 8(3), 1~18p)

Developing an Accurate Heat Transfer Simulation Model of Alaska Pollock Surimi Paste
by Estimating the Thermal Diffusivities at Various Moisture and Salt Contents

(International journal of food engineering, 16(5), 1~194p)

Effect of Freeze-Drying on Quality and Grinding Process of Food Produce: A Review
(PROCESSES, 8(3), 1-23, 2.753)

KCI= %
FEHe F57I8 A4S 9% LED A Bacillus cereus Al &3 2 LEDS] njdo
2 o] =2} oj" Al E# o] A(Journal of applied biological chemistry, 62(2), 181~186p)
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- Optimization of acid treatment in extending white rice cake storability

- Inhibitory effect of acid treatment on the growth of Bacillus cereus in cooked rice cake
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